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ABSTRACT 

TJ1J.S hearing before tne Senate Suficommitree on 
Science, Technology , and Space focases on S. 272 r the 
High*Perf crniance Computing and communications Act of 1991, a bill 
that provides for a coordinated federal research and development 
program to ensure continued U,S, leadership in this area. Performance 
computing is defined as representing the leading edge of 
technological adV2mcement in computing. This report includes the text 
of S. 272 as well as opening statements presented by Senators Gore^ 
Pressler, Kasten, and Robb, and by the Chairman, Senator HoUings. 
Also included are statements from Allan D. Bromley, Director of the 
Office of Science and Technology Policy; Tracey Gray^ president of 
mariceting, government systems division, US Sprint Communications Co.; 
Malvin H. Kalos, director of the Cornell Theory Center; Donald 
Langenberg^ chancellor of the University of Maryland system; David C. 
Nagel, vice president of advanced technology, Apple Computer, Inc.; 
and John S. Wold, executive director, Lilly research laboratories, 
Eli Lilly and Co., who was accompanied by Riaz Abdulla, manager of a 
high-performance computing program. Additional articles, letters, and 
statements are included from the American Library Association; the 
Association of Research Libraries; Jack L. Broc)c, Jr., Director of 
the Government Information and Financial Hanagement Issues, 
Information Management Division, Government Accounting Office (GAG); 
the Computing Research Association; John PatricJc Crecine, president 
of the Georgia Institute of Technology; and Kenneth M* King, 
president of EDUCOM- (DB) 
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HIGH-PERFORMANCE COMPUTING AND 
COMMUNICATIONS ACT OF 1991 



TUESDAY, MARCH 5, 1991 

U.S. Senate, 

SUBCOMMTITEE ON SCIENCE, TECHNOLOGY. AND SPACE, 
COMMTTTEE ON COMMERCE. SCIENCE, AND TRANSPORTATION. 

Washington, D.C. 

The subcommittee met, pursuant to notice, at 2:04 p.m., in room SR-253, 
RSOB, Hon. Al Gore, presiding. o,,ff 

Staff members assigned to this hcanng: Mike Nelson, professional staff 
member and Louis Whiisctt, minority staff counsel. 

OPENING STATEMENT BY SENATOR GORE 

Senator GORE. This subcommittee will come to order. 

I would like to welcome Dr. Bromley and Dr. Wong and distmguishcd guests, 
other witnesses, and ladies and gentlemen. 

I will have an opening statement, and then I will call on Senator Pressler, and 
then we wiU move right into the testimony of Dr. Bromley. c oto .k- 

Today the Science and Technology Subcommittee is considering S. 2/2, the 
High-performance Computing Act This bill is designed to ensure that the United 
Stmcs stays at the leading edge in computer technology. It would roughly double 
the Federal investment in research and development in new supercomputers, 
more advanced software, and high-speed computer networks. 

Perhaps most importanUy it would create a National Research and Educauon 
Networkrthe NREN— or the National Information Superhighway-nas I like to 
call it which would connect more than 1 million people at more than 1 thousand 
coUeges, universities, laboratories, and hospitals throughout the country, givmg 
them access to computing power and informatioiMesources unavailable 
any whekd today— and making possible the rapid prohferauon of a truly Nation- 
wide, ubiquitous network which can do more to enhance our Nation s produc- 
tivity than any other single development . 

TTiese technologies and this network represent our economic future. Tliey are 
the smokestack industries of today's information age. We talk a lot now about 
jobs and economic development, about pulling our country out of recession and 
into rcncwdl 

Well our ability to meet the economic challenges of the information age and 
bcvond^-tough chaUcnges firom real competitors around the world— wiU rest m 
large measure on our abiUty to maintain and strengthen an already threatened 
lead in these technologies and industries. 

0) 



5 

ERIC 



2 

We are witnessing the emergence of a miKh-heraldect global civilization, 
which has been pieimttiirely announced on several occasions but now is really 
here. And those nations best able to deal with infonnation will be the nations 
most successful in this global civilization. 

It is based on sharedknowledge in the form of digital code. And our ability 
to compete will depend on our abui^ id handle knowledge in that fonn. It is now 
the lingua franca of global civilization. 

We used to think of our ability to compete in tenns of infiastnicture — did we 
have enough deep-water ports? Did we have enough railroad lines or highways? 
Now we need to think about information infiastructure. 

I have been advocating le^Uuion such as this for more than 1 dozen years. 
Because I strongly believe it is critical for our country to develop the best 
scientists, the best science, the fastest, most powerful computen, and the best 
Inum of kiMiwledge— -and then to ensure access to these tec^ 
pe(^le as possible, so as many people as possible will benefit from them. 

This legislation will help us do just that 

Every year there are new advocates. Hiis year, finally, President Bush is 
among them, including in his budget fa Fiscal 1992 $149 million m new funding 
to support these technologies. 

we cannot affonl to wait or to put off this challenge— not if we care about 
jobs, economic development or our ability to hold our own in world markets. 

During the last 30 years, computer technology has improved exponentially, 
fasterthantechnolo^many other field. Computers just keep getting faster,more 
powerful and more uiexpensive. 

According to one expert, if automobile technology had improved as much as 
computer tecmiolo^ in recent years, a 1 99 1 Cadillac would no w cniise at 2^ ^ 
m.pJi, get 5,000 mues to a gallon, and cost only 3 cents. 

When my friend Jim Schlesinger heard someone deliver that cliche recently, 
he said yes, and your Cadillac would be a few millimeters long, too. 

But as a result of these amazing advances, computers have gone from b^ing 
expensive, esoteric, research tools, isolated in the laboratory, to being an integral 
part of our every-day life. We rely on computers at the supermarket, at the bank, 
m the office, and in our schools. They make our life easier and better in hundreds 
of ways. 

And yet, the computer revolution is fiff from over. In fact, according to some 
measures, the price^performance ratio of computers is improving even faster now 
than it has in me past 

Anyone who has seen a superccximuter in action today, has a sense of what 
compilers can do for all of us in the niture. Today, scientists and engineers are 
using supercomputers to design better airplanes, understand global warming, find 
oil fields, and discover safer, more effective medications. In many cases, they 
can use these machines to mimic experiments that wouM be too expensive or 
downright impossible in real life. With the supercomputer model, en^eers at 
Ford can simulate auto crashes and test new safety feauires for a fraction of the 
cost and in a fraction of the time it would take to really crash an automobile. And 
they can observe many more variables in much more detail than they could with 
a real test 

Thebill we are considering today is very similar to the first title of S. 1067, 
the High Performance Computing Act of 1990, which passed the Senate unani- 
mously last October. Unfortunately, of course, the House was unable to act on 
the bill before we adjourned because of differences in measures passed by the 
two bodies. 
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It is mv heme thai we wm be able to move this biU qukkly this yw^ 

^oT^^. the Science Committee's Subcommittee «i Science and us 
sul^mi^ci Technology and Cjmpetitiven^on thcHouse side wiU be 
hSajSihearingon^biU. Andllookfoiwd to woitang with my House 

^"^^^^Vi^^SJ^^^- Pcrfonnance compu^g 
res^h^S^^^i Pfogram to be cooidinated by the White House Office 

"^^T^wtattV wncica involved arc the National Scienot Foundation, the 
Dcfe^^S^^RSearc Projects Agency, the Natiomd Aeronautics and 
iSiSAdmi^S^ 

JInSftficft indeveto^ and uot« high-perfonnancecomputmg technotogy. 

effftitivclTS «£ lesouices available-ihroughout &e fedaal 

mSS to to the agencies I just mentiooed. U will involve 

DSaSiSTcommcrcfr-5n particular, the Natioma Instittitc of 

^S^S^^SSSkjI^ of Health and Humtm 

SSu^A^cXTthe Enviiomnental Protection Agency, and the Library of 

^"ilSiSStogy developed under this program will find application 
thi^Khout the Ftederal GovSnment and thioughcsut the country. S. 272 wtU 
Ste ftmitog SwSi-pcfformance computing at NSF and NASA dunng the 
^iy^mSi^^g. more than $ll«mon during the next 5 ye^. 
3Su ^Tne^™xpand research and development programs at DARPA 

vear I worked closely with Senators Johnston and Domcmci on the 
Encrw DHnmitiee. to pass, legislation authorizing a ME highiwrfomance 
Si^pSSSn. AnSlhopr to work with them and the f^^^^ 
SZnTGjmSttee to see that program authorized and funded m FY 1992 
SSy sSSwJohnsion and have introduced S. 343. which would 

^'^^^I^T^PW^'^ with senators Nunn 
and BhSan andSSers on fcArmcd Services Committee to authorize and 
ZioSK adStional $20 miUion for DARPA's high-performance comput- 
25?ZSl>Sney that has been put to good use developmg more powerful 
ciintfcnmfniters and faster computer networks. , • t> 

Ad^Swmpu^^ was a key ingredient in Operation Desert 

sJm BT^^^^^^y on technology. We must n^e tte 

SneSt nceSiU) stay St the teading edge. It is important to icmcmbcr t^ 
and the Tomahawk Cniisc missUe rely on computers b^^^ 

SflSSol<Si« <teveloped through FW«^ 

^^^^cHighPerfonnanceComputingActwiUhelpensurcA^ 

in we^SSy St^Mp^ us win Se war with Iraq, and that will improve our 

"***SSS;?te?hl^^^^ improving our economic security by helping 
Aj^^c^T^^^i^^^y^lop new products and processes to keep 
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the U.S. competitive in worid maikets. Supercomputers can dramaticaUy reduce 
the time it taioes to design and test a new product— whether an airplane, a n^^ 
drug or an aluminum can. That means more energy- effident, cheaper products. 
It means higher profits and more jobs for Americans. 

But perhaps the most important contribution this bill will make to our 
economic security is the National Research and Education Network, the 
cornerstone of the program, funded by the bill. 

In 1996. this fiber optic computer network will connect more than 1 million 
people at more than 1 thousand coUeges and universities in all 50 states, allowing 
them to not only send electronic mau and share data, but access supercomputers 
and use research fiKilities such as radio telescopes and k)g-on to databases 
containing trillions of bytes of information on all sorts of tcincs. 

This network will speed research and accelerate technology transfer so that 
the discoveries made in our university laboratories can be quickly and effectively 
turned into profits for American companies. 

Today the National Science Fbundaiion runs NSFNET, aUowing researches 
and educators to exchange up to 1 .5 bytes of data per second. The NREN will be 
at least 1.000 times faster. aUowing researchers to transfer all the information in 
the entire Encyctopedia Britannica from coast to coast in seconds. 

With today's networks, it is easy to send documents and data, but images and 

Pictures require much Cuter speeds. That will require the NREN. which can carry 
illions of bits per second. 

That is important Because one of the only ways we can successfully deal with 
the mouiuains of excess data we now have is by organizing it into coherent, 
mosaic patterns and images which can be comprehended in gulps or chunks, 
instead of byte-by-byte, one byte at a time. It is impossible to doll with this much 
information in any odier way. 

With access to computer gn^ihics. researchers throughout the country will be 
able to work together nir more effectively than today. It will be much easier for 
teams of researchers at colleges throughout America to work together. They will 
be able to see the results of their experiments as the data comes in. They will be 
able to share the results of their computer models in real time, and brainstorm by 
tele-conference. 

William Wulf. formerly Assistant Director for Computer and Information 
Science at NSF likes to talk about the "National Collaboratory'*~-a laboratory 
without walls, which this networic will make possible. 

Researchers throughout the country at colleges and labs, large and small, will 
be able to stay on top of the latest advances in their fields. The NREN and the 
other technology funded by S. 272 will also provide enormous benefits to 
American education. 

The NREN and the other technolo^ funded by S. 272 will also provide 
enormous benefits to American education, at all levels. By most accounts, we 
are facing a critical shortage of scientific and technical talent in the next ten years. 
By connecting high schools to the NREN. students will be able to share ideas 
with other high school students and with college students and professors 
throughout the country. Already, some high school students are using the 
NSI^T to access sv^jercomputers. to send electronic mail, and to get data and 
information diat just is not available at their schools. In this way. the network 
can nurture and inspire the next generation of scientists. 

Today, most students using computer networks are studying science and 
engineering, but there are more and more applications in other fiekls. too. 
Economists, historians, and literaoire majors are all discovermg the power of 
networking. In the future. I think we will see computers and networks used to 
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Sl.SSlSSv'iSJtSWOTp swdems and ««h« *roughow *e 
"^ Utairv community has been al the forefiwit in uani coojputer »rf 

""I^ISLSST-Jioke to the American Libraiy Association annual n««ting in 
uJSf^S^xciled about the new oppoitumties made possible by tfus 

"*'S2.'^£hnoloav developed for die NREN wUl pave die way for Mgh-sPfed 
.^Silf^S^SIJI^ ItmS Sve each and everyone at us access to oceans of 

rS3£^t!;^raiS^^i»<^^ libe, U> d» home. 

" t'JIl^l^'S'',^' m SMSds bm. 1 believe we can l»lp shape the 
t ^^^^^Ma/nSsTm inVesmient in our national security 

i^dcSunicaiions initiative, a program very smn&r to Uie one oudined in b. 

^'^i i-.«.H m »«k closelv widi Dr. Bromley and oUiets wiUnn die admimsoa- 
J '"^nAW!^^ CongrL. to secure d« fimding needed to 
impieroentduscndc^ impwMtpropan , 

5Mya£)ul this topic. And I will now recognize my friend, the senator trom 



.say 
South Dakota. 



OPENING STATEMENT BY SENATOR PRESSLER 

he^B I^Sn to te^^ Chairman, for holding Uus h^« "^^^ 
^^^'^^^cmt!iiutd leadership in support of a national supercom- 

P"?L?m^^'that 1 am glad that the administration has come with the proposal 
tH^l^lS^S^&^^sXm^oa to come with a proposal Igtyear. I am 
t^i^^l^S^B^l look forward also towojtoig out the 

5if?crSU^^ .Hat 
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that small businesses* smaller cities and towns, smaller universities, Indian 
reservations, and others are taken care of in this communications transformation 
we are going through. 

I am veiy intereAed, for example, in finding a way that fiber optics cable can 
be laid to every household and business in die United States, and not leave some 
out Genoally speaking, in the Communications Subcommittee and this Sub- 
committee, when people talk about supercomputers or fiber optics cable, or new 
electronic services, they are talking about service to the wealdiy suburbs. They 
are talking about serving densely populated areas where there is a market that 
yields greatest profits. 

I always cite as an example that in caUe 1 .V., fot example — my wife and I 
have just obtained cable T.V. at one of our homes for the first time of last year, 
we live in Washington, DC where we have a hcMne, and Humbolt, SD. In neither 
place could we get cable T.V. until this past year. We finally have it in 
Washington, DC. And we can get it by microwave now, in Humbolt, SD. 

But the point is that the rural and smaller town areas have something in 
common with inner cities, in that all the great talk about the communicauons 
revolution they are not talking about small schools and rural America they are 
talking about the lar^ universities, the wealthiest suburbs, and so forth. We 
cannot become a Nation of two or three communication systems. 

I am working on legislation in the Communications Subcommioee related to 
this that would provide that the telephone companies, or whoever should be 
laying fiber optics cable rather than copper cable. We should get fiber optics to 
everybody. AjkI from there we can rent space on the fiber optics cable for the 
different users or determine how these services can be available on a national 
basis — a universal service policy. 

The same is true for supercomputers. Of course, every small business does 
not need a supercomputer. But many of our universities do — many small busi- 
nesses will b^fit from being hooked-up by fiber optics cable. In my own State 
there are certain institutions. For examine, at South Dakota State University, the 
bio-stress lab where they are studying new kinds of plants, resistance to drought, 
very much wants to be connected to a supercomputer. 

The EROS Data Center, which archives— the LANDSAT pictures, will 
benefit, and researchers will benetU from being hooked to the EROS database. 

South Dakota School of Mines, the project such as the deep-drilling project, 
certain EPSCoR-type projects, where f^rofessors and individuals are doing re- 
search, and they are not associated with a huge university will benefit a great 
deal. 

Indeed, you can build the argument that small hospitals and small universities 
need this access to a supercomputer more than a big one. Because the big ones 
probably have their own. So I think this is a very important initiative. 

Let me also say small business — now not every small business is going to 
want to be hooked to a supercomputer. But if they have the option, as we move 
into the 1990's, there are jobs to be created in areas— everybody does not have 
to be in the Boston beltway or a place like that to do technical work. And it will 
enhch our country. Now I am not saying there is anything wrong with being in 
the Boston beltway area. But we also need a few in the Sioux Falls beltway area, 
who have access to a supercomputer. 

I am also concerned, Mr. Chairman, with — in addition to this, and in this 
subcommittee— I hope v/e look at this year what is happening in our schools in 
math and science training. I think we are falling behind in science and mathe- 
matics. Someone who is IS or 18 years old and has not gotten the basics is out 
of the system forever. Where our educational system works, is in the education 



of foreigh nationals. I am told lhai over half of our graduate students engineer- 
from ^road. Part of that is due to our pay struc&ire, Tht tlung to be is an 

n$e^m bSSS or a lawyer and move papers that result m no P^oducuvny but 
Z m^ pretty good. We live to think very hard about the impact, the long-term 
impact of losing the math and science edge. . „„«f,K^ 

^^ere are a whole series of other things. I was gomg io go into some of \hc 
benefuTof supercomputers. Hie Chairman has done that very apUy m his 
mtemint I T^menuoned South Dakota State University's bio-tress 

Sories is developing strains of crops and Uvestock. With the supercomputer 

nc^OTrji^^ul^oFthere^ 

oS foTrSiy access for users at other universiues that are domg similar 

AlSd^let me say that I think many of our smaller universities very much want 
to be connected to some of the work at larger universities-Hcertainly some of our 
smaller hospitals very much are in need of this type of service. 

I have mentioned the EROS data center archives-^he pictures that are sent 
back fr^m ^ LA^^ satelUte^since 1971. near Sioux Falls, u has stored 
ofer 1 million satelUte images on magnetic ^ovemm^^^^^^ 
n»*:ftflrchers and commcfcial enterprises use the LANDSAT images for od ana 
SleTplorat^^lS 

crop assessments, and many other appUca&ons. Aism*; at nictures 

With the proposed network, any researcher could use the LANDSAT pictures 
that are stored in South Dakota without having to leave his or her de^ or 
laboratory. This capability will become even more important when the ERUi) 
is u^ la^r in this decade to archive the massive amounts of data for 
SfSobS System. EOS. NASA's contribution to our mdu- W 
dob^dmige reseich program. And I was proud to be on hand last summer 
whOTwe raised the NASA flag at the EROS data center in Sioux Falls. 

T?ieEOsStt^lUteswillbetrlnsmiltingthe^^ 
of ConKress every 5 days. I think that is reaUy an amazing thmg To use this data 
c(f^S^y^^i^ts will need ready access to the EROS DatoCenter ctetabase 
Kan, I also want to take this time to «>""!"^"d president B^^^^^^ 
hi^^uDoort for our multi-agepcy supercomputmg mitiauve m its Fiscal Year 1 992 
S buZ^re^^^^^ I^esident Bu7h has aUocated $638 miUion to a 
^u^rcoS^um^^^ and research effort The Bush plan, whjch J^the ^a^^^ 
DiJrooses as S. 272, is patterned after a program set forth in a 1989 report by Uie 
vKhousc Office of Science and Technology Policy. As I have menuoned, I 
Uiat Dr Alan Bromley, the Director of that office is testifying tooay . 
I look forward to hearing his details about the admmistrauon s miuauve. 

h^^ful that during this Congress the admmistrauon and concessional 
«nnnortprs of suoercomputing will join forces to implement a nauonal, multi- 
ag^S^rsuperS^^^ that is a mouthful of Washington 

«fords— whether done by statute or otherwise. .. . k^„;„ 

JSTchSan, I am sure we wiU all agree that the main goal here is to begin 
in O^s cSr^s a nauonal commimiem to supercomputmg and a nauonal 
sui^rcomSnetworkUnkingmorethan 1 mUbonofour country's computers 

M^r^^Chairman, I look forward to hearing from our disunguished panel of 
wimesses on both S. 272 and supercompuung gencraUy . 
Senator GORB. Thank you. Senator Pressler. Senator Kastcn. 
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OPENING STATEMENT BY SENATOR KASTEN 

Senator Kasten. Mr. Chairman, I am not going to try to compete with you 
and Senator Pressler in tenns of length of opening statements. 

Nfr.Chairinan,l want to congratulate you on holding this hearing on S. 272, 
the High-Perfonnance Computing Act of 1991. 1 am pleased to be an original 
co-sponsor oi this piece of legislarion that 1 believe is necessary for Amenca's 
continued ability to innovate and ^:xxnpete in the maiketplace, and to make the 
scientific advances to protect the lliealth and well-being of our people and our 
planet in the future. 

Supercomputers permit complex modeling used in the development of new 
products from airciBtt to drugs, and allow us to better understand our environment 
and the universe. 

The five-year program which is established by S. 272 would provide $988 
million for an inter-agency effort in computer research and development and 
create a super-computer network to let our super-computers communicate with 
one another and with remote users. Sixty-eight million dollars of tfiese funds 
would be available in upcoming fiscal 1992 in addition to funds currently 
available to the relevant agencies. 

Mr. Chairman, I am also pleased that though there are differences in emphasis, 
the Administration recognizes the need for the kinds of programs th£t we are 
supporting in S. 272. 1 believe that the legislative initiatives and other pressure 
from the Congress has helped to assure the Administration's attention to this 
important area. We are ck>se on the dollars, and not so Car apart on the programs. 

The future developments in the area of super-computing hardware, software, 
and communications are critical to this country's security — economically, en- 
vironmentally, and militarily. I think it is important that an American company, 
Cray Research, Inc. is the current workl leader in this fieki. They control some 
60 percent of the worid maricet, but are under severe competitive pressures, 
primarily from the Ji^Nuiese. Several smaller U.S. companies are also competing 
in this area. I believe that our bill will be^ to keep American super-computer 
companies healthy. It will also 9ssme that American companies, researchers, and 
others who use super-computers have the software, training and access so that 
we arc using their capabilities to the fullest 

We niust be sure that our funds help us to use today's super-computers in their 
mosr. efficient manner, and encourage the efforts of U.S. companies to develop, 
produce, sell, and use, the next generatioD of massively-parallel computers which 
will be perhaps 1000 times as powerful as today's super-computers. But we must 
be caretul in our efforts to encourage the development oi new technology that 
we do not put America's current leadership position in jeoptudy. 

There is a concern that the Administration's proposed program may be too 
focused on experimental systems, developing new architectures based on mas- 
sively-parallel approaches, to the exclusion of activities that would explicitly 
build on current approaches and successes. 

Bridget to our present capabilities are essential to ensure a rapid transfer of 
the fruits of the RaD efforts of government to the private and academic sectors 
of the economy. The transfer and use of this R&D is an essential determinant of 
u*ie economic value of the High Performance Computing and Communications 
Initiative. 

Both S. 272 and the Administration's proposal look to develop the networks 
that will be necessary if there is to be broader access and utilization of the nation ' s 
super-computers. Though the computing capacity of our super- computers is 
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incredibJc. our communicaiion systems are not up to the task of transmitting the 

We welcome Dr. Bromlev Assistant to the President for Science and Teclmol- 
oS^Ae ^tor of iiie White House Office of Science and Tectaology 
McWOSm And 1 look forward to the testimony of thoss on our second panel 

<!nme of the oroblcms that wiU be encountered along the way. 

TwiU wSk to ^sure that America realizes the fuU promise that super- 
compXs^off«S^L^ many different areas of scientific, educauonal, and 

'^'S?! OiW^^^^ the right track here. I will work to assure that America 
rcizcsKuU p^S^ Sat sS«acomputers can offer in so many ^fcrent ar^ 
^Sc.ldiSitional. and^mmereial endeavor. And I thmk that we Mr 
rhSJman haw^t only a hearing on a very important subject today, but we 
SJ^teSs n^w of a mariT-up of a bill that is going U) be t«ss«i-out by 
1^ CoSimittee. going to be passed by the Senate, passed by the House of 

""''J^Zri^^^^^ And I just want to .say that I 

^m^^sl^^^io^^ teai or k Sis area that we are going to do 
Tm^Jhil^ hS^ it is more than just simply a hearing on a very important 
^jMJwe^^U wXto^^^^ And? fook forward. Mr. Chairman. u> 

'^°lM?rtliSaie?y.*I have another hearing that also started at 2:00. 

^^^G09£ 'S^!^is!iy. before you must depart, on a personal note, I 
deepr«^^ toy role iiit you live played pushing this bipartisan 
pflSrtforJ^ard AndlwanttosaythesametoS . 

m^^s i^bkn bipartisan from the very beginning. And you menoom^ 
the^SS relationsh^pbetween the committee and the admmistration. TTiat 

reaUv ca^e about because of legislation thiis committee pas^ which both of 
^S^the^rcomput*^ Network Study Act of 986 which required 
n stSd? bu more 5mn requiring it. invited the admmistration to jom m a 
o^fv^Kconr^^ in the OSTP plan 2 years ago 

aS it^ n«5t awjidental. by any means, that the administratron pi^ and the 
leff^tion wh?ch we hoc ie supporting, are so similar. Because they have bmh 
StedKi mw^^ the miSds onVhat is the best int«ests of our counar. 
ThSe a mtcmcm Uiat Senator HolUngs would like to have included m the 



record. 

[The statement and hill follow:] 



OPENING STATEMENT BY THE CHAIRMAN 

P"*J^iL« *^fi ^SSriS Si^lShSSc^^^ of new techndogy md . just u 

bducaitcA riciwon ^'^'^^i^J**^^ mifcarch done bv umvewiiy fticaithen. 
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high-speed oompiAer netwoifci, with the engineen and product designen in Americin industry, we 
hcve a huge oompetitive edge. 

Hie NkEN and bigb-fpeed, oominenaal oetwofki bated on NREN technology will not develop 
ipontaneottsly, Fedem leadenfaip and Fedenl inveitiiiait aie needed to tpur the private lector to 
develop these networiu* S. 272 provides for tfaii spur, b is an important step towaid exploiting the 
fuU potential of fiber optics in our iisiico^ system. 

tlie NREN and high-speed fiber optic neivroifcs aie particiilarly impcitant to sutes like South 
Carolina* In South Caioiina, we have numy coQeges and universities which lade the resources 
availableat other research tmiversities. The NREN will iMovi^ 

available only at friaces like Cahecfa and Harvard. Wm the NREN, a researcher at the University of 
South Carolina would have access to very fastest supercomputen available anywhere. A researdier 
at Qqnson would be aMc to copnea to a ladio telescope hatf 
and compare his or her results with colleagues uound the country . 

The afphcatioDs of the NREN in education aie even more exdtiiig. With acoe^ 
the **Dig&al Libraries'* of electronic bifonnation connected to it, at the smallest colleges in South 
Carolina, and many high schooli, **ndents wouU be able to access more irfomation from their 
coinputer keyboard than thev couk> find in their school libraries. Hie NREN would broaden the 
horizons of students at snudf colleges, two-year technical colleges, historically black colleges — ai 
eveiy cc^ege in South Carolina. 

This is irriportant legislation, and I look forward to working with Senator Gore and others on the 
Commerce Committee on the biU. 
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102D CONGRESS 
IST Session 



S.272 



To provide for a coordinated Federal research propram to ensure continued 
Tnited States leadership in hiRh-perfonnance computinjr. 



IN THE SENATE OF THE ITNITED STATES 

JaNVaRY 24 Oe^^islative day, January 3), 1991 
Mr (JORE (for himself. Mr. Hollinos. Mr. Kennedy. Mr. TiiESSLER. Mr. 
FoBD Mr Beeaux, Mr. Binoaman. Mr. Robb. Mr. Kerry, Mr. Kasten. 
Mr Glenn. Mr. Jefpoeds, Mr. Kerrey, Mr, Reid. Mr. Dubenbeboeb. 
Mr. Hatfield. Mr. Kohl, Mr. Conbad. and Mr. Rieole) introduced^ the 
following bill; which was- read twice and referred to the Committee on Com- 
merce, Science, and Transportation 



A BILL 

To provide for a coordinated Federal research program to 
ensure continued United States leadership in high-perform- 
ance computing. 

1 Be it enacted by the Senate and House of Representa- 

2 lives of tht United States of AmeHca in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Act may be cited as the "High-Performance com- 

5 puting Act of 1991". 

6 SEC 2. FINDINGS AND PURPOSE. 

7 (a) The Congress finds the following: 
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1 (1) Advances in computer science and technolog}^ 

2 are vital to the Nation's prosperity, national economic 

3 security, and scientific advancement. 

4 (2) The United States currently leads the world in 

5 the development and use of high-performance comput- 

6 ing for national security, industrial productivity, and 

7 science and engineerings but that lead is being chal- 

8 lenged by foreign competitors. 

9 (3) Further research, improved computer research 

10 networks, and more effective technology transfer from 

11 government to industrj- are necessary for the United 

12 States to fully reap the benefits of high-performance 

13 computing* 

14 (4) Several Federal agencies have ongoing high- 

15 performance computing programs, but improved inter- 

16 agency coordination, cooperation, and planning could 

17 enhance the effectiveness of these programs. 

18 (5) A 1989 report by the Office of Science and 

19 Technology Policy outlining a research and develop- 

20 ment strateg}^ for high-performance computing provides 

21 a framework for a multiagency high-performance com- 

22 puting program. 

23 (b) It is the purpose of Congress in this Act to help 



24 ensure the continued leadership of the United States In high- 
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1 performance computing and its applications. This requires 

2 that the United States Government— 

3 (1) expand Federal support for research, develop- 

4 ment. and application of high-performance computing 



5 in order to — 

6 (A) establish a high-capacity national re- 

7 search and education computer network; 

8 (B) expand the number of researchers, educa- 

9 tors, and students with training in high-perform- 

10 ance computing and access to high-performance 

11 computing resources; 

12 (C) develop an information infrastructure of 

13 data bases, services, access mechanisms, and re- 

14 search facilities which is available for use through 

15 such a national network; 

16 (D) stimulate research on software technolo- 

17 gy\ 

18 (E) promote the more rapid development and 

19 wider distribution of computer software tools and 

20 applications software; 

21 (F) accelerate the development of computer 

22 systems and subsystems; 

23 (G) provide for the application of high-per- 

24 formance computing to Grand Challenges; and 
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1 (II) invest in basic research and education; 

2 and 

3 (2) improve planning and coordination of Federal 

4 research and development on high-performance com- 

5 puting. 

6 SEC. 3. DEFINITIONS. 

7 As used in this Act, the term — 

8 (1) "Director" means the Director of the Office of 

9 Science and Technology Policy; and 

10 (2) "Council" means the Federal Coordinating 

1 1 Council for Science, Engineering, and Technology 

12 chaired by the Director of the Office of Science and 

13 Technology Policy. 

14 SEC. 4. MISCELLANEOUS PROVISIONS. 

15 (a) Except to the extent the appropriate Federal agency 

16 or department head determines, the provisions of this Act 

1 7 shall not apply to — 

18 (1) programs or activities regarding computer sys- 

19 terns that process classified information; or 

20 (2) computer systems the function, operation, or 

21 use of which are those delineated in paragraphs (1) 

22 through (5) of section 2315(a) of title 10, United States 

23 Code. 

24 (b) Where appropriate, and in accordance with Federal 

25 contracting law. Federal agencies and departments shall pro- 
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1 cure prototype or early production models of new high-per- 

2 formance computer systems and subsystems to stimulate 

3 hardware and software development. 

4 SEC. 5. NATIONAL HIGH-PERFORMANCE COMPUTING PRO- 

5 GRAM. 

6 The National Science and Technolog\' Policy. Organiza- 

7 tion. and Priorities Act of 1976 (42 U.S.C. 6601 et seq.) is 

8 amended by adding at the end the following new title: 

9 "TITLE TO— NATIONAL HIGH-PERFORMANCE 

10 COMPl^TING PROGRAM 

11 "national HIGH-PERFORMANCE COMPUTING PLAN 

12 "Sec. 701. (a)(1) The President, through the Federal 

13 Coordinating Council for Science, Engineering, and Technol- 

14 ogy (hereafter in this title referred to as the 'Council'), shall. 

1 5 in accordance with the provisions of this title — 

16 "(A) develop and implement a National High-Per- 

17 formance Computing Plan (hereafter in this title re- 

18 fei-red to as the 'Plan'); and 

19 "(B) provide for interagency coordination of the 

20 Federal high-performance computing program estab- 

21 lished by this title. 

22 The Plan shall contain recommendations for a five-year na- 

23 tional effort and shall be submitted to the Congress within 

24 one year after the date of enactment of this title. The Plan 

S 272 IS 
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1 shall be resubmitted upon revision at least once every two 

2 years thereafter. 



3 "(2) The Plan shall— 

4 "(A) establish the goals and priorities for a Fed- 

5 eral high-performance computing program for the fiscal 

6 year in which the Plan (or revised Plan) is submitted 

7 and the succeeding four fiscal years; 

8 "(B) set forth the role of each Federal agency and 

9 department in implementing the Plan; and 

10 "(C) descri'je the levels of Federal funding for 

11 each agency and department and specific acti\'ities, in- 

12 cludirg education, research activities, hardware and 

13 software development, establishment of a national giga- 

14 bits-per-second computer network, to be known as the 

15 National Research and Education Network, and acqui- 

16 sition and operating expenses for computers and com- 

17 puter networks, required to achieve the goals and pri- 

18 orities established under subparagraph (A). 

19 "(3) The Plan shall address, where appropriate, the rel- 

20 evant programs and activities of the following Federal agen- 

2 1 cies and departments: 

22 "(A) the National Science Foundation; 

23 "(B) the Department of Conunerce, particularly 

24 the National Institute of Standards and Technology, 

25 the National Oceanic and Atmospheric Administration, 
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1 and the National Telecommunications and Information 

2 Administration; 

3 "(C) the National Aeronautics and Space Admin- 

4 istration; 

5 "(D) the Department of Defense, particularly the 

6 Defense Advanced Research Projects Agency; 

7 **(E) the Department of Energy; 

8 "(F) the Department of Health and Human Ser\'- 

9 ices, particularly the National Institutes of Health and 
10 the National Library of Medicine; 

"(G) the Department of Education; 

12 "(H) the Department of Agriculture, particularly 

13 the National Agricultural Library; and 

14 "(D such other agencies and departments as the 

15 President or the Chairman of the Council considers ap- 

16 propriate. 

17 "(4) In addition, the Plan shall take into consideration 

18 the present and planned activities of the Library of Congress. 

19 as deemed appropriate by the Librarian of Congress. 

20 "(5) The Plan shall identify how agencies and depart- 

2 1 ments can collaborate to — 

22 ' (A) ensure interoperability among computer net- 

23 works run by the agencies and departments; 

24 "(B) increase software productivity. capabUity, 

25 portability, and reliability; 

S 271 19 
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1 "(C) expand efforts to improve, document, and 

2 evaluate unclassified public-domain software developed 

3 by federally funded researchers and other software, in- 

4 eluding federally funded educational and training scft- 

5 ware; 

6 "(D) cooperate, where appropriate, with industry 

7 in development and exchange of software; 

8 "(E) distribute software among the agencies and 

9 departments; 

"(F) distribute federally funded software to State 

1 1 !ind local governments, industry, and universities; 

12 "(G) accelerate the development of high perform- 

13 ance computer systems, subsystems, and associated 

14 software; 

15 "(H) provide the technical support and research 

16 and development of high-performance computer soft- 

17 ware and hardware needed to address grand challenges 

18 in astrophysics, geophysics, engineering, materials, bio- 

19 chemistry, plasma physics, weather and climate for- 

20 casting, and other fields; 

21 "(I) provide for educating and training additional 

22 unc^ergraduate and graduate students in software engi- 

23 neering, computer science, and computational science; 

24 and 
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1 "(J) identify agency rules, regulations, policies 

2 and practices which can be changed to significantly im- 

3 prove utilization of Federal high-performance comput- 

4 ing and network facilities, and make recommendations 

5 to such agencies for appropriate changes. 

6 "(6) The Plan shall address the security requirements 

7 and policies necessary to protect Federal research computer 

8 networks and information resources accessible through Fed- 

9 eral research computer networks. Agencies identified in the 

10 Plan shall define and implement a security plan consistent 

1 1 with the Plan. 

12 "(b) The Council shall— 

13 "(1) serve as lead entity responsible for develop- 

14 ment of the Plan and interagency coordination of the 

15 program established under the Plan; 

16 "(2) coordinate the high-performance computing 

17 research and development activities of Federal agencies 

18 and departments and report at least annually to the 

19 President, through the Chairman of the Council, on 

20 any recommended changes in agency or departmental 

21 roles that are needed to better implement the Plan; 

22 "(3) review, prior to the President's submission to 

23 the Congress of the annual budget estimate, each 

24 agency and departmental budget estimate in the con- 

25 text of the Plan and make the results of that review 

23 
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1 available to the appropriate elements of the Executive 

2 Office of the President, particularly the Office of Man- 

3 agement and Budget; and 

4 **(4) consult and coordinate With Federal agencies, 

5 academic, State, industry, and other appropriate groups 

6 conducting research on high-performance computing. 

7 '\c) The Director of the Office of Science and Technolo- 



8 gy Policy shall establish a lUgh-Performance Computing Ad- 

9 visor}^ Panel consisting of prominent representatives from in- 

10 dustry and academia who are specially qualified to provide 

1 1 the Council with advice and information on high-performance 

12 computing. The Panel shall pro\nde the Council vaih an inde- 

13 pendent assessment of — 



14 **(1) progress made in implementing the Plan; 

15 ''(2) the need to revise the Plan; 

16 **(3) the balance between the components of the 

17 Plan; 

18 **(4) whether the research and development 

19 funded under the Plan is helping to maintain United 

20 States leadership in computing technology; and 

21 **(5) other issues identified by the Director. 

22 **(d)(l) Each appropriate Federal agency and depart- 



23 ment involved in high-performance computing shall, as part 

24 of its annual request (or appropriations to the Office of Man- 

25 agement and Budget, submit a report to the Office identifying 
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1 each element of its high-performance computing activities. 

2 which — 

"(A) spec'fies whether each such element (i) con- 

4 tributes primarily to the implementation of the I'lan or 

5 (ii) contributes primarily to the achievement of other 
G objectives but aids Plan implementation in important 

7 ways; and 

8 "(B) states the portion of its request for appro- 
«) priations that is allocated to each such clement. 

K) "(2) The Office of Management and Budget shall review 

1 1 «>ach such report in light of the goals, priorities, and agency 

12 and departmental responsibilities set forth in the Plan, and 
18 shall include, in the President's annual budget estimate, a 

14 statement of the portion of each appropriate agency or de- 

15 partment's annual budget estimate that is allocated to each 
lt> element of such agency or department's high-performance 

1 7 computing activities. 

18 '(e) As used in this section, the term '(jrand Challenge' 

19 means a fundamental problem in science and engineering, 

20 with broad economic and scientific impact, whose solution 

21 will require the application of high-performance computing 

22 resources. 

23 "annual report 

24 "Sec. 702. The Chairman of the Council shall prepare 

25 flnd .submit to the President and the Congress, not later than 

26 March 1 of each year, an annual report on the activities con- 

S 272 IS 



22 



12 

1 ducted pursuant to this title during the preceding fiscal year, 

2 including — 

3 ''(1) a summary of the achievements of Federal 

4 high-performance computing research and development 

5 efforts during that preceding fiscal year; 

6 **(2) an analysis of the progress made toward 

7 achieving the goals and objectives of the Plan; 

8 **(3) a copy and smnmary of the Plan and any 

9 changes made in such Plan; 

10 **(4) a summary of appropriate agency budgets for 

11 high-performance computing activities for that ureced- 

12 ing fiscal year; and 

13 **(5) any recommendatiors regarding additional 

14 action or legislation which may be required to assist in 

15 achieving the purposes of this title/'. 

16 SEC. 6. NATIONAL RESEARCH AND" EDUCATION NETWORK. 

17 (a) In accordance with the Plan developed under section 



18 701 of the National Science and Technology Policy, Organi- 

19 zation and Priorities Act of 1976 (42 U.S.C. 6601 et seq.), 

20 hs added by section 6 of this Act, the National Science Foun- 

21 dation, in cooperation with the Department of Defense, the 

22 Department of Energy, the Department of Commerce, the 

23 National Aeronautics and Space Administration, and other 

24 appropriate agencies, shall provide for the establishment of a 

25 national nmlti-gigabit-per-second research and education 
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1 computer network by 1996, to be known as the National 

2 Research and Education Network (hereinafter referred to as 

3 the "Network"), which shall link government, industry, and 



4 the education community. 

5 (b) The Network shall provide users with appropriate 

6 access to supercomputers, computer data bases, other re- 

7 search facilities, and libraries. 

8 (c) The Network shall— 

9 (1) be developed in close cooperation with the 

10 computer, telecommunications, and irformation indus- 

1 1 tries; 

12 (2) be designed and developed with the advice of 

13 potential users in government, industry, and the higher 

14 education community; 

15 (3) be established in a manner which fosters and 

16 maintains competition and private sector investment in 

17 high speed data networking within the telecommunica- 

18 tions industry; 

19 (4) be established in a manner which promotes re- 

20 search and developme leading to deployment of com- 

21 mercial data communications and telecommunications 

22 standards; 

23 (5) where technically feasible, have accounting 

24 mechanisms which allow, where appropriate, users or 

25 groups of users to be charged for their usage of the 
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1 Network and copyrighted materials available over the 

2 Network; and 

3 (6) be phased into commercial operation as corri- 

4 mercial networks can meet the networking needs of 

5 American researchers and educators. 

6 (d) The Department of Defense, through the Defense 



7 Advanced Research Projects Agency, shall be lead agency 

8 for research and development of advanced fiber optics tech- 

9 nolog}\ switches, and protocols needed to develop the Net- 

10 work. 

11 (e) Within the Federal Government, the National Sci- 

12 ence Foundation shall have primary responsibility for con- 

13 necting colleges, universities, and libraries to the Network. 

14 (0(1) The Council, within one vear after the date of en- 

15 actment of this Act and consistent with the Plan developed 

16 under section 701 of the National Science and Technology 

17 Policy, Organization, and Priorities Act of 1976 (42 T.S.C. 

18 660' et se<f as added by section 5 of this Act, shall — 



IB (A) develop goals, strateg\\ and priorities for the 

20 Network; 

21 (B) identify the roles of Federal agencies and de- 

22 partmerts implementing the Network; 

23 (C) provide a mechanism to coordinate the activi- 

24 ties of Federal agencies and departments in deploying 

25 the Network; 
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1 (D) oversee the operation and evolution of the 

2 Network; 

3 (E) manage the connections between computer 

4 networks of Federal agencies and departments; 

5 (F) develop conditions for access to the Network; 

6 and 

7 (G) identify how existing and future computer net- 

8 works of Federal agencies and departments could con- 

9 tribute to the Network, 

10 (2) The President shall report to Congress within one 

1 1 year after the date of enactment of this Act on the implemen- 

12 tation of this subsection. 

13 (g) In addition to other agency activities associated with 

14 the establishment of the Network — 

15 (1) the national Institute of Standards and Tech- 

16 nology shall adopt a common set of standards and 

17 guidelines to provide interoperability, common user 

18 interfaces to systems, and enhanced security for the 

19 Network; and 

20 (2) the National Science Foundation, the National 

21 Aeronautics and Spaee Administration, the Department 

22 of Energy, the Department of Defense, the Depart- 

23 ment of Conmierce, the Department of the Interior, 

24 the Department of Agriculture, the Department of 

25 Health and Human Services, and the Environmental 
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1 Protecliou Agency are authorized to allow recipients of 

2 Federal research grants to use grant moneys to pay for 

3 computer networking expenses. 

4 (h) Within one year after the date of enactment of th'a 

5 Act, the Director, through the Council, shall report to the 

6 Congress on — 

7 (1) effective mechanisms for providing operating 

8 funds for the maintenance and use of the Network, in- 

9 eluding user fees, industry support, and continued Fed- 

10 eral investment; 

11 (2) plans for the eventual commercialization of the 

12 Network; 

13 (3) how commercial information service providers 

14 could be charged for access to the Network; 

15 (4) the technological feasibility of allowing com- 

16 mercial information service providers to use the Net- 

17 work and other federally funded research networks; 

18 (5) how Network users could be charged for such 

19 commercial information services; 

20 (6) how to protect the copyrights of material dis- 

21 tributed over the Network; and 

22 (7) appropriate policies to ensure the security of 

23 resources available on the Network and to protect the 

24 privacy of users of networks. 
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1 SEC. 7. ROLE OF THE NATIONAL SCIENCE FOUNDATION. 

2 (a) The National Science Toundation shall provide fund- 

3 ing to enable researchers to access supercomputers. Prior to 

4 deployment of the Network, the National Science Foundation 

5 shall maintain, expand, and upgrade its existing computer 

6 networks. Additional responsibilities may include promoting 

7 development of information services and data bases available 

8 over such computer networks; facilitation of the documenta- 

9 tion, evaluation, and distribution of research software over 

10 such computer networks; encouragement of continued devel- 

11 opment of innovative software by industry; and promotion of 

12 science and engineering education. 

13 (b)(1) The National Science Foundation shall, in coop- 

14 eration with other appropriate agencies and departments, 

15 promote development of information services that could be 

16 provided over the Network established under section 6. 

17 These services shall include, but not be limited to, the provi- 

18 sion of directories of users and services on computer net- 

19 works, data bases of unclassified Federal scientific data, 

20 training of users of data bases and networks, access to com- 

21 mercial information services to researchers using the Net- 

22 work, and technology to support computer-based collabora- 

23 tion that allows researchers around the Nation to share infor- 

24 mation and instrumentation. 

25 (2) The Federal information services accessible over the 

26 Network shall be provided in accordance with applicable law. 

( 
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1 Appropriate protection shall be provided for copyright and 

2 other intellectual property rights of information providers and 

3 Network users, including appropriate meohanisms for fair re- 

4 muneration of copyright holders for availability of and access 

5 to their works over the Network. 

6 (c)(1) There are authorized to be appropriated to the 

7 National Science Foundation for the purposes of this Act, 

8 $46,(X)0,000 for fiscal year 1992, $88,000.0(X) for fiscal year 

9 1993, $145,000,000 for fiscal year 1994, $172,000,000 for 

10 fiscal year 1995, and $199,000,000 for fiscal year 1996. 

1 1 (2) Of the moneys authorized to be appropriated in sub- 

12 section (c)(1), there is authorized for the research, develop- 

13 ment, and support of the Network, in accordance with the 

14 purposes of section 6, $15,000,000 for fiscal year 1992, 

15 $25,000,000 for fiscal year 1993, $55,000,000 for fiscal year 

16 1994, $50,000,000 for fiscal year 1995. and $50,000,000 for 

17 fiscal year 1996. 

18 (3) The amounts authorized to be appropriated under 

19 this subsection are in addition to any amounts that may be 

20 authorized to be appropriated under other laws. 

21 SEC. 8. THE ROLE OF THE NATIONAL AERONAUTICS AND 

22 SPACE ADMINISTRATION. 

23 (a) The National Aeronautics and Space Administration 

24 shall continue to conduct basic and applied research in high- 

25 performance computing, particularly in the field of computa- 
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1 tional science, with emphasis on aeronautics and the process- 

2 ing of remote sensing and space science data. 

3 (b) There are authorized to be appropriated to the Na- 

4 tional Aeronautics and Space Administration for the purposes 

5 of this Act, $22,000,000 for fiscal year 1992, $45,000,000 

6 for fiscal ve«Jr 1993, $67,000,000 for fiscal vear 1994, 

7 $89,000,000 for fiscal year 1995. and $115,000,000 for 

8 fiscal year 1996. 

9 (e) The amounts authorized to be appropriated unde^ 

10 subsection (b) are in addition to any amounts that may be 

1 1 authorized to be appropriated under other laws. 

12 SEC. 9. BOLE OF THE DEPARTMENT OF COMMERCE. 

13 (a) The National Institute of Standards and Technology 

14 ^.haii adopt standards and ^ideliiies. and develop measure- 

15 ment techniques and test methods, for the interoperability of 

16 high-performance computers in networks and for common 

17 user interfaces to systems. In addition, the National Institute 

18 of Standards and Technology shall be responsible for devel- 

19 oping benchmark tests and standards for high performance 

20 omputers and software. Pursuant to the Computer Security 

21 Act of 1987 (Public Law 100^235; 101 Stat. 1724), the Na- 

22 tional Institute of Standards and Technology shall continue 

23 to be responsible for adopting standards and guidelines 

24 needed to assure the cost-effective security and privacy of 

25 sensitive information in Federal computer systems. 
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1 (b){l) The Secretary' of Commerce shall conduct a studv 

2 to— 

(A) evaluate the impact of Federal procurement 
regulations which require that contractors pro\iding 
software to the Federal Government share the rights 
to proprietary- software development tools that the con- 
tractors used to develop the software; and 

(B) determine whether such regulations discourage 
development of improved software development tools 
and techniques. 

(2) The Secretary shall, within one year after the date 

12 of enactment of this Act, report to the Congress regarding 

13 the results of the study conducted under paragraph (1). 

Senator Gore. Dr. Bromley, again, let me apologize for the length of time it 
has taken us to get to your statement We are very interested in it 

I want to acknowledge the presence of Dr. Eugene Wong, Associate Director 
for Physical Sciences and Enguieering at OSTP. And among the many things for 
which you are due congratulations, is the excellent choices you have made of 
people to help you. 

I rememb when you first took the post, you said you were going to do it I 
agreed with your assessment that this was one of the keys to making this office 
a more integral part of the Govenunent And congratulations on getting the 
President on board on this initiative. 

I know you would probably want me to choose different words in saying that, 
but that is what I feel about it I think this is you speaking for the administration 
now. And we welcome you. So please proceed. 

STATEMENT OF HON. D, ALLAN BROMLEY, DIRECTOR, OFHCE 
OF SCIENCE .AND TECHNOLOGY POLICY 

Dr. Bromley. Thank you, Mr. Chairman. 

I wekome this opportunity to appear before you and the members of the 
committee to discuss this initiative. And I would, in fact, begin by acknowledging 
the leadership that you and this group have shown in this area, which I agree is 
one of the most important that we could address in terms of its long- term and 
short-term impact on this Nation. 

The hearing, of course, addresses the whole question of high-performance 
computing and communication. And I would like, with your pennission, sir, to 
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have the formal testimony that I have provided to the committee included in the 
record and simply abstract it. w ir 

Senator GoRE. Without objecuon, that would be fine. 

^eKs^Sdedin^ ^^^^S ^S^C?^^^^^^ 

3^ by^^to^^ ^oup on high performance computing and commum*^- 
Ks^rtheCommitteeon Physical Maihem^^ 
SrorsTve^umbX^mmitt^ that operate under the Federal Coonhnating 
SuScU for sSS. Engineering, and Technology. I see, sir, that you already 

^'mTX^Ih^^ computing and communications iniuauve 

are onef ^at we havl shied for a long time. My staff and I look forward to 
workinff with vou to realize these goals for the American people. 

ffeSSiUl^^ have provided to you, we have attempted to lUustrate 
and syr^S^Se Snp^ of this activity by setting forth a senes of yei^ 
^SiSStific andsocietal problems whose solutions smiply elude us at the 

^e'^^dSS^'Jhc questions of global climate change mapping the human 
.enorSf iSig the natuie^and helping in the fabncaoon of ^ored 
SSs-^ cnSely new frontier-^d problems that are direcUy apphcable 
I^Sati^ y , including-I beUeve you would agree, sir-both military 
ltX?h a^e^nS strength It also, of course, includes the design of ever 
S*?5ph^tiSS^^^ 

"° A orpjit manv of these topics are already partially underway. But there is a 
tiemeKs fSer ouf the?^^^ promising qSalitative as well as quanutauve 
Ses^n oS and in the problems Uiat we can address effectively 

STtiXrtSt we present to you represents a full i^^^ 
nrnIr^r?nTnuS of Federal agencies. These agencies have been involved 
?o?^e timrS^rf^ ^^'^^ development, 

andSS of SeS own agency computer networks. And as was noted earlier 
ti^. Sve SarSie"^^^^^^ brought forward proposes a 30 percent 

^^^rS the funding in Fiscal Year 1992 to,^"PP^SStK^n^ next 4 
I ^should at tiie outset stale that it is our goal in OSTP that between tne nexi h 
J 5>a^ for this activity wiU be doubled. But it ;s much more 

^porSiat we irSease the speed the memory ^^^f^^^}^^^^ 
mission capacitv of our systems by factors of between 100 and 1000. This is 

'Twoild now iS^e^Tn m'l^^ sir, to take a momem to trace the history of this 
iniS in whiXy^^^^^^ lien yourself, very heavily involved. It ttBces its 
fomative yel^s back to the early I980's and before, and stems m pan from the 
SSI^a great many of our agencies, that to satisfy their mission needs 
S^v rZired computing capacity far beyond anything that was then avai^ble. 

CTeTience and Oie lechiJology in these agencies improved, u became 
rapkUy olvbS^tSaTSe quantity of dJta and the number of databases tiia were 
S developed made absolutely mandatory the need for more sophisticated 
S^u-^iS^hLinTdata-processing, and data ^^^ev^' O^Vt^SdlS^rS ^ 
make in passing is tiiat there arc now between 6^ and 7,000 data bases m use 
^nd the worid. Ahnost without exception, Uiese arc not intercomparable or 
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readable, and this is the bepnning of a Tower of Babel that we can ill afford. 
That matter is one that we should work together to correct 

In 1982 a FCCSET conunitiee examined the status of supercomputing in the 
United States— in response, as you suggested, to a request finom the Congress, 
and reviewed the role of the Federal Oovemmeot in this area of technology. 

In 1985 the conunittee recoaunended Govenunent action necessary to sustain 
the technologk^al superiority that we had a tlua time, and to further thie dev 
ment and use of supocoroputers in diis country. Subsequent planning resulted in 
a series of worlcsbops that were held in 1987 and a set of reports that set forth the 
outlines of a research and development strategy. The synthesis of all of this 
activity appeared in the repon entitted the "Federal High Perfonnance Comput- 
ing Program** that was issiied by my ofRce in September 1989, as you noted. The 
imtiative that we bring forward now in the 1992 budget is, m my view, a 
realization of the goals that were spelled-out by you, by us, and by a number of 
people back in those days. Then tfa^ were seen as goals, but now they are targets 
that we fully believe we can achieve. 

The program involves 8 partners: The Defense Advanced Research Projects 
Agency, the National Scieace Fbundation, the Departtnent of Energy, National 
Aeronautics and Space Administratkn, National Library of Medicine, the En- 
vironmental Protection Agency, the National Institute of Standards and Technol- 
ogy, and NOAA, the National Oceanic and Atmospheric Administration, withiii 
Commerce. 

The planning and implementation of the HPCC program, have been the result 
of a remarkable degree of cooperation and enthusiastic cooperation. These 
agencies have been quite prepared to readjust, realign, and redesign their 
programs in high-performance computing so that together the)' made parts of a 
coordinated Federal whole. 

I would like to pay tribute to the level of cooperation that we have enjoyed in 
putting this program together. There is a level of mutual trust, cooperation, 9nd 
synergism that is remarkable both inside and outside of Govenunent I would 
also have to say that the success of this activity has dq)ended in no small measure 
on the input that we have received from the private sector. It has been crucially 
important for us, in developing the program that we have brought before you, to 
have it calibrated and tested against the real-workl environment in which our 
industries operate, because they, in the long-run, are the ones that we look to 
implement this program. 

The program itself has four major components — as you know very well, sir. 
The first concerns high-performance computing systems. We use that phrase 
advisedly, because we wanted to include not just supercomputers but also 
high-performance computers on all levels. The synergism there is important and 
should not be forgotten. 

Secondly, we talk about advanced software and algorithms, because without 
that, all the hardware in the word is essentially useless. 

Thirdly, we have the National Research and Education Network, the informa- 
tion superhighway to which you referred. Without that very few people have 
access to either of the first two componoits. 

And finally, we have a bask research and human resource component. 
Without that we do not maintain our frontier status, nor do we have the trained 
personnel who will move these frontiers forward. Equally important I believe 
and often forgotten are the technical people who, in fact operate these systems 
and make sure that they do what they were designed to do. 

We have, in deveiioping this program, sa what I believe are ambitious 
goals- -ambitious but realistic go^. As I mentioned, we seek a thousandfold 
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improvemcntin usefulcomputingcapabiUty. That takes us toa tf^»onof^rauons 
^fsecond And the focus wUl be on developing the gencnc twhnologies that 
5Su^rv^uS>S not just in this sector, but in many different industna^ sw:^. 

Wh^re aro^ate. we feel it very important that the deve opment be per- 
formS^^Saredbasiswithindm^ 
M dBOTlv i we can from the very beginmng of this activity 

StSfa^ d^clopment, we clearly have a major chaUengc. Bemuse 
cnftu,^ in country-as in every other country— is now lagging behind the 
SlXmen^Sh2dwL.Andmo7im^ 

S tf we SreThavTthe rapid expimsior. of the use of our new capaciues, it 
U ^ntiJuTwc develop software thai is u^r friendly. And. of course, as we 
S. TkSow ^ high-perfcSmance software of today is not user friendly by the 

""?SrNt?nS'ReSt^^^^ Network is going to dramatically 
exiSd S dS capabUityof the existing interconnected compuuj 

nS^refeiSdWasIimiSET.W 

SSJ^ S Smmunication speed. We want to take this up to the level of gigabit 

^'Sftion as you have noted many times, one of our major goals here ^to 
devd^ vSStl7«eatcr number of on and off ramps to this informaaon super- 
hfa^v^v iSaStoo many isolated institutions and areas in our couimy . I hope 
SS^rL^SstaTfutu^ our pubUc wUl look on this network as com- 

"^'If we haTsuch a network, a catalytic effect on just about every <^niponent 
of o Js(S^^ on our industries, both small and large-and I appreciate the 

refei^SS^rindustriw^ 

SimoS- Zversiti^^ and research organizations, and perhaps even 
STSSpSiSJ WmTnSJ^' SJd secondary scW of the Nation. Xre the 
f«al deficiencies in our educational system are most apparent 

fS I th^thai no plan is belter than its execution. And the execution of 
thif iSve i^gS to Wnd very criticaUy on the synergy Uiai has been 
tl^^f^nlTAgcnc^s^^ are' participating in it >;VTial we have med to 
do^s SdevX U^^^ so Uiat each agencv does what it does best and does 
?n a Sh^nt wlTy to amplify the effects of its sister agencies m this overaU 

^ffeach of the agencies, as you weU know, has natiiral constiniencies and 
his^c^SengSS As has been noted before, this initiative has the pro^^^ 
vCTV hiSl Mvtock in economic terms and in social terms. As 1 "»d;pat^ t^ 
oSLrffiS U very difficult to tiiink of any other iniuative that has die potenual 

influSLe far wnscends it size. Hus is where the leading-edge twhnologies and 
S4d?e aroSons are developed. A Federal investmcm m leading-edge 
'^mv!i^^^\^ wUl speed die g«>wth ofihe overaU computer market and 
ran catalvze investments on the part of U.b.maustry. 

B^U ^uS asSn come back to *e matter of synergy. I ~' 
to tfwMtaof is oiily a supercomputer initiauve. It is much more imponani 
SimthSp^omputersplaVarole,andaveryimpor^^ 

*'-nS'tatoIive that we bring before you today also has the poU^ntial to 
maioTc^nStor to meeting a number of other very important nanonal needs- 
S^S^ tealth, tr^sportaUon. educaUon. energy, envm>mnent-all of 
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these are areas where the availability of a new generation of high-performance 
information handling and information transfer will be essential. This dependence 
will, in fact, only grow. 

If we are to realize the full potential of this initiative, it is not enough that it 
reach its technology goals. It is equally important, in my view, that the technology 
be deployed by the private sector in a timely fashion. And the continued 
development and use of Government-funded, high-performance computing and 
communication prototypes can certainly have an important, positive impact on 
the commercialization of these technologies. And, in fact, we can make available 
to a great many institutions in this country, which cannot themselves justify the 
hardware invesunenl the power that will be available through the proposed 
networks. 

This diffusion. however,is not possible by Federal action alone. The 
adminisuation's initiative will serve the Nation best as a catalyst for private 
action. Some analysts have suggested that the initiative can spur several hundred 
billion dollars of GNP growth. If so, it will be because American companies, both 
small and large, have been able to deploy these technologies in the production 
of high- quality goods and services. 

I think also that the National Research and Education Network will lead to 
the establishment — and I hope quickly — of a truly national, high-speed network 
that really does connect essentially every home and office, in the Nation. And if 
that happens, it will be because the private investments that make it possible have 
been stimulated by the initiatives taken here. 

Now, the legislative proposals pending before the Congress, I would suggest. 
Senator, perhaps do not fully recogruze the comprehensive inter-agency effort 
that has been achieved through die years of collaboration that have led to this 
particular activity. When I testified last year before the corresponding hearing, I 
noted one concern, and now I would simply reiterate that concern. In a field of 
technology tiiat is moving as r^idly as is the case here, as you illusu:aied with 
the automotive analogy, I am somewhat concerned that by freezing the program 
in legislation we may have given up some flexibility that we may want in order 
to be able to adjust Uiis program, and the agency participation, on an ongoing 
basis. 

I would emphasize that the FCCSET activity should still be viewed as partly 
experimental. This is die fu-st year that we have really had it working as I had 
hoped it might And we will certainly move forward next year to do a better job 
in these areas than we have been able to this year. 

That was one concern. The other concern I have, sir, reflects a fact that you 
mentioned. We have worked long and hard to bring about the total integration of 
the agency programs. And my concern, which I believe you share, is 5)al in the 
subsequent actions of die Congress it would be a great pity if that coordination 
and integration were not carried forward as the various players in the program 
present their programs to your sister subcommittees. 

And I very much look forward to working with you, sir, and ask for your 
assistance in making sure that we retain the coordination that is now a hallmark 
of this activity. 

Now, I think, sir, that at that point I would conclude my prepared remarks. 
The full testimony will be in the record. I welcome your questions. 
[The statement and questions and answers follow:] 
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SlP^Tn-IDT OF .Ui^VN BfOMLEY, DIREaOR. OFFICE OF SCTI^a- ANT) 

lECHNOLOCY POUCY 



Mr* Chairman and memhtTS of the Cominittee; 

Thank you for ^ivins me the opportunity* as Director of the urTice of Science and 
Technology Policy, lo discus?* with you the critically important issue of hish 
performance computing and communications. 

On February 4, 1991, the President announced his proposed budget for Fiscal ytar 
1992. Among the major new R&D programs in the budget is a Presidential initi;>'jve 
on high performance computing and communications, which is described in the report 
Grand Cb^Hen^o^: Hieh Perfor mance Coniputine and Communications. The report, 
which was released on February 5, 1991, was produced by a Working l^roup on H\\iU 
fVrformance Computing and Communications under the Committee on Physical, 
Mathematical, and Kngineering Sciences* which is one of seven umbrella interagincv 
committees under the Federal Coordinating Council for Science, Fngineerin^» and 
Technoloj^ (FC( SF'l'K A copy of the report is attached. 



The high performance computing and communications initiative can trace its 
formative years to the ^arly 1980S) when the scientific community and federal agencies 
recognized the need fot advanced computing in a wide range of scientific disciplines. 
As fields or science progressed, the quantity of data, the number of databases, and 
need Tor more sophisticated modeling and analysts all grew. Tlie Lax Re port of 1982 
provided an opportunity to open discussions on the need for Supercomputer centers 
beyond those previously at the Department of Energy's national laboratories. 
Subsequently, the availability of such resources to the basic research community 
expanded — for example, through the establishment of the National Science 
Foundation's and NASA's supercomputing centers. 

In 1982 a FCCSET committee examined the status of supercomputing in the I nited 
States and reviewed the role of the federal government in the development of this 
technolo^. In 1985 this committee recommended government action necessary to 
retain technological supremacy in the development and use of supercomputers in the 
United States. Subsequent planning resulted in a series of workshops conducted in 
1987 and in a set of reports that set forth a research and development strategy. 

A synthesis of the studies, reports, and planning was published by OSTP in the repur! 
entitled The Federal Fligh Performance Comp ut ing Prog r^m^ which was issued on 
September 8, 1989. The initiative in the FY 1992 budget represents an 
implementation by the par'.ictpating agencies of the plan embodied in that report, 
appropriately updated to recognize accomplishments made to date. The report 
described a f1ve*year program to be undertaken by four agencies — the Defense 
Advanced Research Projects Agency, the National Science Foundation, the Departmint 
of Energy, and the National Aeronautics and Space Administration. Four additional 
partners have since joined the program — the National Library of Medicine wMhin ihe 
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Nstional Institutes of Health* the Environmental Protection Agency, and the National 
Institute of Standards and Technology and National Oceanic and Atmospheric 
Administration within the Department of Commerce ^ and they have added 
considerable strength to the overall program. 

Tile planning and implementation of the HPCC program have been the result of 
eTtraordinarily effective collaboration 1^ the panicipating agencies using the FCCSET 
fomm. It was developed after several years of discussions among the agencies and 
hundreds of hours of negotiating and interactions between all federal government 
agencies with an Interest In computing. Agencies have realigned and enhanced iheir 
HPCC programs, coordinated their activities with other agencies, and shared common 
resources. Hie flnal product represents a complex balance of relationships and 
agreements forged among the agencies over a number of years. 

Hiese agencies have achieved a level of mutual trust, cooperation, and synergism that 
is remarkable in or out of government — and not easily achieved* In addition, the 
success of this effort demonstrates the advantages to be gained by using the FCCSET 
process to coordinate areas of science and technology that cut across the missions of 
several federal agencies. The FCCSET interagency process maintains the necessar>^ 
flexibility and balance of a truly integrated program as the science and technology 
evolve, and it allows additional agencies to identify opportunities and participate in a 
given program. 



The HPCC initiative is a program for research and development in all leading-edge 
areas of computing. The program has four miUor components: (1) High Performance 
Computing Systems, (2) Advanced Software Technology and Algorithms, (3) a National 
Research and Education Network (NREN)» and (4) Basic Research and Human 
Resources. The program seeks a proper balance among the generic goals of 
technology development, technology dissemination and application, and improvements 
in U*S* productivity and industrial competitiveness. It incorporates general purpose 
advanced computing as well as the challenges ahead in massively parallel computing. 

In the development of computing hardware^ ambitious goals have been set. The 
program seeks a thousandfold improvement in useful computing capability (to a 
trillion operations per second). The focus will be on the generic technologies that will 
prove valuable in many different sectors. Where appropriate, projects will be 
performed on a cost-sliared basis with industry* 

In software development, the program will focus on the advanced software and 
algorithms that in many applications have become the dHermining factor for 
exploiting high performance computing and communications. In particular, software 
must become much more user-friendly if we are to provide a much larger fraction of 
the population with access to high performance computing. 
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w A M»«fj«ii Network (NREN) would dr«in«lcally expand 

,„d enhance ^^^P'^^S^*:*.?' **^^SSI . hindredfold lactase in communications 
the Internet. TTie overall 80«1 ^l^J^^ ^Xlon the nnmber of "on-ramps" and 
speed (to levels of glgabUs OT«dH, bri!Jn« P«»«"»» 

•ifl^nimps- to the network ^-^^ da^iJSmt and factories. Such a network 

performance computing to Ir JSSy wmpanies, and universities that 

S:«Id have the kind of c-t-jj^ ^J^" ^:,nt^KnTui; A n'ew meaning will be 
the telephone system h»»h«<i during the wem of knowledge but a full 

nna.,, the HPCC iniUati. ^^^^^^^ Jn^^^^^^^^^^^ ^ ^ 

technology imSremen«ation of this pn,gnim will lay the 

SLS^'JThar s in at In levels, including the p^ollege level. 

Of cou^e, no plan is better «f «" J-^-SLX"^ 

Initiative will ..ly heavily on Ojej^ergy tl^t ^..^^^^^ ,3,, .g,„cy to do 

participating agencies. This sj^e^ ^ ^^^^ ,he four founding agenc.es 
what It does best in «he way that .t do^ l^^ t-J ^^^p,^ ^„ , a m 

has national constituencies and h^»"^' technologies, as it has done in the 
fostering the d^^^P'"*!"'^'!^^^^^^^^ ^^^^^ architecture. DOE, 
pes. for ti-n^'haring, n^A -JJ'J^-J^^.^X^.ories, has always led in the 
through Its histoncal J. ^^^^^^^^^^^^^ and is applying them on the cutt.ngHjdge 

development and use «f "/^"^ '^^^ to pursue a new wave of space-related and 

"S: fJtr.dr.r^^^^^ 

education and in the coordination and use of NREN. 

Expected Retur?* of the Initiative 

communications initiative* 

^e high-performance -a of the co^™^^ 

far transcends J2«= Jfen. hi to^ ndi at;; that These developments dilTuse 

applications are developed. ;'"°'J^ -suoerminis- and -supenvorkstat.ons" 

so quickly throughout the overall market JP;^^,^,„, ,he leading^dge 
are no longer contradictions .n terms^A^fede^^^^ 

Tara^e o/Stdist.. .t the same time. .uperco.puU.s 
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are not the only important hardwmre component; we shall not for^ the importance of 
the smaller, more ^yidely distributed units and their role in the overall system. 

In addition, the HPCC Initiative will be a miOor contributor to meeting national 
needs* National securily, health, transportation, education, energy, and environment 
concerns are all areas that have grown to depenif on high performance computing and 
communications in essential ways. The dependence will grow as computer* become 
more powerhil, cheaper, more reliable, and more usable. 

HPCC is also critical for the nation's scientiflc infrastructure. Hie electronic 
computer was bom as a scientific tool, a.id its early development was driven by 
scientific needs. Business applications soi^n came to dominate Us development, but 
recently there has been a renewed focus on computers as an instrument in science. 
Indeed, 'computational science,* which incor^iorates modelings simulation and data 
rendition, is adding a third dimension to experimentation and theory as modes of 
sclentinc investigation, in Held after field of i*'undamental and applied sciences, 
problems intractable for either theory or experitnenlation are being successfully 
attaciced with the aid of high speed computation* 



If the HPCC initiative is to realize its full potential, it is not enough that it reach its 
technology goals. It is equally important that tiie technologies be deployed by the 
private sector in a timely way to result in an acceleration of market gronth. It is 
likewise insufficient for applications to be developed and problems to be solved; ii} 
addition, the benefits accruing from those solutions must be disseminated so as to 
influence our everyday lives. 

Hie continued development and use of government-funded high performance 
computing and communications prototypes can have a significant positive impact on 
the potential commercializi^tion of these technologies. In addition, man} organizations 
that cannot individually justify the hardware investments will be able to gain access 
to these new computing systems via the new network Hius, the knowledge gained 
through the timely development and use of prototype systems and the access provided 
to them by the network will significantly improve the dissemination of the benefits of 
the initiative. 

However, this wide diffusion is not possible by federal action alone. The 
Administration's HPCC initiative will serve the nation best as a catalyst for private 
actions. Some analysts have suggested that the HPCC initiative can spur several 
hundred billion dollars of GNP growth. If so, it will be because American companies, 
both large and small are able to deploy the technologies in producing quality goods 
and services. 

Similarly, some predict that NR£N will lead to the establishment of a truly national 
high speed network that connects essentially ever> home and every ofTice. If that 
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Inlliadve ire critk.l to Its success. T»e importtm priority in the 

probl*. ni5* 

and government laboratories o °^,"*;™fX7^^ maximum benefits derived 

legislative proposals ^;^XS'^r:'^^^:!l ^^'^^y^rs^^ 

my recognize the '^°"P«'l%''77i"?L'J^ pwgram for two of the four 

collaboration. F^«i»n»P^^^: i??h ^erfS r 
m^ior agencies '"cl-d^^J" J^'^ISJ^.k 3 the •8*'««««5 """"y °' 

InUlatlve. In addition. Sj'f "^"'Jf;'^^,;^^^ been accomplished; and the 

the requirements -J^^l^^.^ Ser sclent S^^^^^^ technical challenges. Hie legislation, 
agencies have moved on to ^^"^JstTng pro^^^ by limiting the activities ofthe 
in effect, may detract flrom of complex relationships forged 

should not be codified in law. 

^ .ho. legislative action not limit the fiexibility of what is by nature an 
1 am .oncemed that 'e^isla^JJ^*"'"" "™ ^ , developed to implement 

extremely dynamic process. When «f f ju^ as the research efforts 
Interagency programs, those pI""^"" '"'[^^''^S plans are codified In law, It 
they describe are dynamic f"J,.«,^''''"^\ " p^fS a concern with high 
su^ts that the research Is J'^'y.VXw p of technological change 
performance computing and «2Tfas » ' 

17 dramatic. As -^.^"T S -Ira^oA/Dl^^^ tha" successfully applied an 
joint Los Alamos National Laborator^/D^^ ^ ^ 

innovative massively parallel Connwtion wac h ^^^j^^^ 

capons safety code Jo J-n//-^^^^^^^ "rJS in the last year at the National 
weapons Inventory. Another Biotechnology Information, where 

s^sre^ Tor ?Lnrinr smuh., s«rch.s o, p™..,„ 
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and Qodeic acid databases. This was vety hdpftil in llie identification of a gene 
causing von Rocklinghausen's nenroflbromatoils* Hiit is a m^r brealctbrough in 
the understanding of this bewildering disorder that afltels about 1 In 3,000 people* 
On the necworldng fronts sigmUlcant achievements have also been made. For example^ 
the NSFNET ha$ increased in speed a thousandfold (ftnom 56 kilobits per second to 
45 megabits per second) since 1988. 

S. 272 has as Us focal point the issuing of a plan that would delineate agency roles 
and include specific tasks. However^ the Administntion's initiative and the 
accompanying FCCSET report satisfy these demands for items to be incorporated in 
the planning phase. S. 272 ftirther calls for the establishment of an advisory panel to 
provide additional input into the plan. But many of the agencies already have 
current advisory panels, and private sector participation is fully anticipated in the 
Administration's initiative as agency programs move fonvard to impiementation* 
Moreover, the oversighC role of the Congress, including the hearings scheduled this 
week in the House and Senate, serve as important elements in the fine tuning of the 
program. 

The National Research and Education Network de^ribed in the initiative addresses 
the need for greatly enhanced computer communications highlighted in the legislation. 
The initiative also seeks to be comprehensive In addressing the roles of the various 
R&D agencies for example, by allowing other agencies to join the efTort as 
appropriate. 

It bears emphasis that the Administration's initiative uses the existing statutory, 
programmatic, budgetary, and authorizing authorities of the agencies and departments 
involved in the initiative, including OSTP. The fkinding leveSs necessary to proceed 
with this effort have been transmitted to the Congresr4n the President's request and 
are clearly reflected in the budgets of each of the eight agencies involved in the 
initiative* The Congress already has the ability to positively affect the high 
performance computing program of the federal government through existing 
authorizations and appropriations* 

FCCSET is a very important mechanism vrithin the Executive Branch for reviewing 
and coordinating research and development activities that cut across the missions of 
more than one federal agency. Unlike the committees in the Legislative Branch, each 
of which has discrete authority for oversight, interagency committees within FCCSET 
are forums for discussion, analysis, collaboration, and consensus building. The 
member agencies then hove the responsibility Tor implementing the program and 
proceeding with the necessary contracting, budgeting, and so on developed through the 
interagency process. 

Several legislative vehicles, in addition to S. 272, have been introduced that seek to 
endorse and advance the Administration's initiative. I welcome the Congress's interest 
and intentions in high perrormance computing and communications. I am confident 
that by worl^ing together we can have a significant impact on the nation's future 
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thn.agh these efTorts, and I welcome suggestions from Cong^ss to Improve the 
cnrrent Initiative. 

involved witli this proposal ana » P"*" . nerfonnance computing and 
ensure that this extensive interagency program can go foivrard. 
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OUEynONS OF SENATOR KASTEN AND THE ANSWERS THERETO 

. r .u . .w- t T <: h«t the leadenhip position inthe area of High Performance 
Q: Based on the fact thM initiative seem to stress the 

Computing and Compuiaumal j^e^^hy d^UK mtisivelypaiaUel computers, 

development of expcnmental aniui^^tRJ^^^ *^ 

rather than building on the «»J";^i«P?S^f 'hlJ S^SuS & greS deal of thinking Uc issue is 
A: -ntis ii an important ^y^S^^Jf^^ whether we should concentrate 

whether we should «lvan« ^^efra^n rfc«np«^^ ,hould do both and achieve 

on the mainstream of ousting ^oj^^J^'JS^^ that the frontiers are not far •v.ay 

. proper bJance Computer fi ftSJlS^" ^^^^ "o^'^^^' """"l^^^ ^"^^^ 

^"?or some problems in defense. b.«c re.e«^^ l^^^^^^y:,^^^^^ 
rSrrr^r.tr^"^SfSS i."?SrrS^^^^^^^ .-ne a. that u-ed to attain toda, s 

leadenhip po"»»<>n " "P^'^i^?!?., „ to improve the performance of sequentiil compui*r 
Furthermore, the developments that are '""fH^JJ^^Htwevw many new questions anse m the 
systiiSs are often used in newp«alldcom i„,^ved 

cinsidciatioo of novel ^^'^ .^'r^^tJ^^^ 

r^s's^t^^StWd^^^^ '^^--^ 

scientific computing problems. ^__„tjjrional science inothcrwords.usingourcapal^ues 

in computer development were J"J«"^„"='Sd^,^|^eeds have iriVeased in 
intensive In the mor» ««««iP"j;^^ Swe cSS ^ ""t^T P""f^' 

influencing computer develop^l«l^«^^ -n^reVnow a rtnewal ct uUerest m 

have been important to A^^^"*"?^ ?LS«r areater emphasis on compuunonal science 
SompuutionJly intensive P'JJ?*' T^'itJ^^^ Furthemiore. 
M Jelling of the Phy"*=t *****?A.^Se^S<S^t «S»itectures in order for designcn 
re*l .ppUEations need to be considered in ^^^^ with advances in computer 

Trnffe the inevitable ^^eoff jthttoccur m^^^^ ^ ^ „d thu^e 

modelling come n«|»ui««enu of .{xjd HPCC 
push for higher andlugher 'P^^.^^'^^^S ^teS problem, of sSeriists and engineers 
Stiativc are focused on «^P*^'^°"»f^ both^urdware and software 

™ln~^?^£-td fd^Tcira synergisuc ^ibjects. Tlie renewec 

intel'^J; ^SSShTtSed by both c^^ 

Senator GoRE. Well th,^ you very much. I know my colleagues wUl have 
questions also. ^ . „, ^„ v^rv much for vour statement I thought it wa; 
Ul me begmby f^K^f ^jS^S^SifprivSJe invesmie^^ which wiU Ix 

b™uSng upon the Federal backbone network. 
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I want to see a day when a school child in Tennessee can come home after 
class and sit down, and instead of playing Nintendo, use something that look-, 
like a Nintendo apparatus and plug into the Library of Congress; and read just 
not words, but look at pictures and moving graphics presented artfully and 
imaginatively in a way thiat captures and holds that child's attention; responds to 
the child's curiosity so the child can navigate through an ocean of infcHmation 
according to what he or she wishes lo explore at the moment. 

We know how to do that The technologies are here, available, today. We 
ought to be empowering not just one or two or a handful of individuals; we ought 
lo be empowering the whole country to make belter use of the information that 
is out there. 

I also agreed with your emphasis on the level of cooperation that is so 
necessary to making this successful. And, I could not agree more when you say 
do not freeze it. We are interested in passing this and getting it moving, 
authorizing it for the number of years necessary to complete it — sending those 
clear signals to the private sector that it is there, it is going to be there, and it will 
be completed, not just started, and then reevaluating every year the ways to 
improve it and make it even better. 

I also would like to identify with your statemenis about the coordination of 
these efforts. 

Let me start with my questions on that one. We are agreed that the goals of 
the administration's initiative and S. 272 are very, very similar, and that S. 272 
is consistent with what the administration is proposing. 

Last year, as I had mentioned, the precursor. S. 1067, passed the Senate 
unanimously. And then its passage was delayed by a difference of opinion with 
the House, and among different committees in the Senate. 

In particular, the Department of Energy was pushing to have DOE coordinate 
the whole progpm. and run the National Research and Education Network. That 
was at-odds with the administration's plan, and at-odds with the legislation. 

I know that DOE labs like Oak Ridge and Los Alamos have a critical role to 
play in this initiative. But I also know that the best program is one that uses the 
suengths and resources of all relevant Federal agencies. 

Luckily, many busy people within the administration have spent the last 
couple of years designing just such a balanced program. However, last year, 
personnel from DOE and elsewhere actively lobbied against the OSTP approach 
and bad-mouthed some of the oth^ agencies in the program, saying that they 
were unable to accomplish the missions that you laid out for them. 

Should we expect to see more of such bureaucratic in- fighting? Or is 
everybody on your team on-board this year? 

Dr. Bromley. I would devoutly hope not, Mr. Chairman. I have spoken 
with 

Senator GoRE. You would hope we would not see more in- fighting. 
Dr. Bromley. No more in-fighting. 



Dr. BROMLEY, That is importanL 

I have spoken with the senior officials of both the Department of Energy and 
the Department of Defense during the formulation of this plan and as we went 
through the FCCSET process. And I have been assured by them that they are full 
players and full participants in the program that we have presented to you. We 
recognize that many of the agencies wiU have a need for their own independent, 
mission-related acuvities. But we agree completely that in order for this to be a 
truly national program, it requires management as a national program, and we 
have identified NSF as the appropriate agency for that. I believe to the best of 
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mv knowledge lhal everyone represented in the report before you is committed 

■""ST S that your basic position is you like the legislation. But your tasic 
„ct?™ Jffhat wfii would like to recommend that the Congress appropriate aU 
ffimone%^t;o»Ce^uested.but.o give you no formal .nsmicuonson 

f^ould Ss put U tL we look forward to working with you 

rv^BTweU we look forward to working with you too, Doctor. 
rS^'S^arimS^'sSSverepresemmorelhanj^ 
meS?Do^ouZvel7ommitment from 0MB for the enure 5.year program or 

^""il°'Hf2ioS'we have held, as you understand, detaUed discussions with 

year? 

^nar GS^:'^d^;^^^^^^^ to working 0MB for the other 4 

ve^Si^you look forward to working with us for the 5 y^s 
^^BROMiiY Hook forward to working with anyone who will push this 

initiative forward, sir. 

?^'ToM?fY'Bu?tet' me say that I have a very reasonable degree of 
?H !ff,h«01^ un(tersunds fully thai this objective is a very important 

'"°^^,Si^S''wT^ is a very important signal to send out I am 

m^i of c'oureTtlHt the legislation is needed, even though ai>y 
Ss^tio&dlS«^l<hem?neyforeveryU.ing,eachyear.s.mply 

^''ffdfnS'wlSt'm^fS^^ 

.haf vii a^ andtag » the private sector, to aU of tite agencies involved. This is 
S tS^^^^'s go^S to happen. And everybody needs to gel with tiie 

HSh^eTf™pK5re'Tu«2^stee"defernng» 

,0 eV^ire me reSnship b«ween tiiis and oOier OSTP iniuauves. 
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Last month when the budget was released, you presented two other multi- 
agency initiatives — a new math and science education initiative, and as it has for 
tli^ past 2 years, the budget also included a coordinated and integrated U.S. 
Global Change Research program involving nine different agencies. 

Is it fair to say, as I regularly do, that this pro-am will contribute greatly to 
these other initiatives, enhancing our Nation's ability to pursue them productive- 
ly. I do not want to lead you on. I suspect you agree. But since these other two 
initiatives are yours, I would like you to flesh that out just a little. 

Dr. Bromley. Well, flrst of all, let me say that it is eminently fair to make 
that statement The high-performance computing initiative have a very important 
impact on not only the other two initiatives that you have just mentioned, but, 
indeed, on a great many other of the activities we have under way. 

The most obvious connection has to do with the global change area. As you 
noted earlier, we have a Mission to Planet Earth that I consider very important 
under consideration. And once we have the EOS A platform up, which will be a 
unique pan of that program, it will allow observation of individual points on the 
earth's surface through H to 1 5 instruments simultaneously. And that is critically 
important, because from those simultaneous data one can extract vastly more 
than one can from just 14 or IS individual sensors flying independently. Thert 
is no air column correction, no cloud correction, nothing of that sort. 

However, as was indicated, the data flow from that particular remote-sensing 
complement alone will send us the equivalent of the Library of Congress in less 
than 5 days. Unless we have the kind of speed, capacity, and information transfer 
capability that we are talking about in the high performance computing and 
communications initiative, we simply cannot cope with the flood of information 
that will be coming to us from the sensors. 

And perhaps even more importantly, I think, is a point that you touched on 
earlier. The human brain is sutetantially limited with what it can do in whacking 
through great stacks of computer print-out. On the other hand, it is almost 
miraculously able to form hyix)theses and sense patterns in those same data if 
presented in a graphical fashion. That, I think, is probably the largest qualitative 
difference that high-performance computing can make in any area. It will allow 
us to take this flood of data and actually do something with it — make decisions, 
understand phenomena that would otherwise be beyond us. In that area the 
question has a very obvious answer. 

In education arid mathematics, I think that the impact probably is going to be 
greater in the long run than even on global change. This is not yet as obvious. 
But the fact that impresses me enormously is that with a single flber optic going 
into a classroom, every student in that classroom can have self -paced, individual- 
ized instruction in any subject — repetition where repetition is necessary, positive 
reinforcement where that has been earned. I cannot think of anything tfiat will 
improve the quality of our education — particularly at the elementary and secon- 
dary school levels, where our greatest weakness now lies — more than the 
introduction of this kind of technology into the education field. In the long-run, 
I think the impact may be even ( reater there, although it will take a little longer 
to bring it into place. 

Senator Gore. I welcome that response. Just briefly, I heard a presentation in 
one of the early hearings on this, I do not know how many years ago, where 
someone said, and I have repeated it often since then, that if one analyzes the 
human brain in computer terms, you could say that we have a low bit rate, but 
very high resolution. 

The telephone company decided years ago that seven numbers were the most 
we could remember, then they added three. Aiid yet, when we see a trillion bits 
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of data arrayed in a mosaic pattern where each has a meaning in context related 
^oaUofXomcnLwecancSnp^^ ^ 

t^i^tnt^s^^paias aUow us to do is to configure data in shapes 
«nrt n/^ms o>^r enable us to absorb very large quanuues of tt 

^ «nrt nSv Secondly they aUow us to search through vast oceans 

Tito L^nr rSri^^^ bits which are necessary to make 

Sp^p^cSi^^ 
"^In'^wfvl^^ 

'rSX^I^ fiS WpSSS'i6 and 27 of the.iepon which show 
Ml SL* air^^lhSvTto be coordiiSd that are involved in the program and 
SSlSy SnSbi^^^ It is amazing to me how many agencies are mvolved 
hSSd iXSSe they arc all filled with highly tramed scientists and highly 

^X^uTw^* in the Army in Vietnam. I was at one point on detail to-we caUed 
it iten-Tl b nc^^ But I know the difficulty of getting highly 
nftODlc to wok together. You would probably have the classic job in 
^^^^i^^^^^^^' ^ c*oordinating ^ these people and 
SeSng What is the numNjr one problem m teepmg aU 

is infonnation transfer. 

Senator PRESSLER. The number one problem.' 

BROnSIy. Yes, because there arc. as you say. a very large number of 
oeoo^; SivXed t^cre!and they wiU work to maximum effecuvenes^ if we can be 
?^e thJ? cvei^^ what everyone else is doing, ar.. that they are 

^y pi of ^SSS^rcnt program. So we arc devoting a very large amount of our 
activitv to trying to make sure that this IS the case. 

And I must say tfiat I want to pay tribute to the people who have been mvolved. 
the^Dle who p^are^ because they have managed what is 

iLC?emSte & Th^ have brought about a fusion of what started out as 
sSe pJSns in^h of the agenciei you see listed on these pages, sir. And 
^^i^S^^trLy long ^Mirs sitting and looking at each program and 
Sghow1tfi^Uofan4,n^ 

overlM). the duplication, the gaps were to make it actually fit We already nave 
deveKa level of person^mmunication among the members of the com- 
munt?^^ that I think wiU serve us extraordinanly 

SetTcJ pSSow . as I understand the general difference~^d I am not 
advSe^one here necessarUy.because last yearmoneofmysm^^^^ 

I called on the administration o come forward with a pton. 

As I undoes, the basic difference is that these various agencies we would 
derS^d on vo^ coordinate them as you saw fit; whereas, you feel the Gore- 
Scr et cScraTS would iodify too much the rclauonships in the 

Spec DiS these agencies. Is that a genaal statement? 

T> brSy I would have to malify that just a litUe if I might, sir. because 
y^J^olwfor^f^^ inWy ageilcy to do anythin^When we^ 
Tc^^if ul we persuade them that they have the opportumty to become pan of a 
S toerentiW.TMti«^ progrin. And so to that extent everyone here 
KlyTivolvSi Tlie respoSty is the agency's, but if the coordinauon 
fails, then 'he blame is ultimately mine. 
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Senator Pressler. But basically, these are all administration-appointed — 
well , they are all — the heads of all these agencies are appointed by the President, 
usually with the advice and consent of the Senate. So therefore, the White House 
could Older them to do something. 

Dr. Bromley. In principle, yes. 

There is a famous quote that springs to mind, sir. I can summon spirits from 
the vast deep, but will they come. 

Senator Pressler. Well, I know back from my days as a seccxid lieutenant in 
the Army listening in on meetings, to get the attention of an assistant secretary 
was hard on some of these things. If you could do that, you could accomplish 
something, but there is great competition. 

Dr. Bromley. May I add one word of clarification, sir? One of the important 
things that perhaps I should have emphasized is that this has been a concern 
within the administration and within my office. To address that concern, during 
this past year I have restructured the FCCSET committee so that its members 
now comprise the cabinet secretaries, or deputy secretaries, and the heads of the 
independent agencies thatare responsible for aU these activities. As a result, once 
the FCCSET group makes a doiiision, that decision will stick from there on in 
becaa<^>e it has been made by the senior officer of the agency involved. And that 
is a Uy part 

.^though FCCSET is not involved in the actual construction of the initiative, 
it receives the initiative, approves the initiative, gives the initiative its blessing 
before it moves forward as part of the budget process. 

^ enator Pressler. I am glad to hear that, because that is really key. From the 
pr int of view of public adnunistration, many of these activities require the input 
cf highly trained people, and frequently the ve^ top people administratively in 
ttiese agencies are so preocciq)ied with the war in the Gulf or with other matters 
thiit what happens, as a practical matter, is that you start having these decisions 
made- -younave assistant secretaries battling it out, so to speak, for uirf . 

And 1 am glad to hear that the administratiOD has gotten the very top people 
involved on this. I think that is key, and I hope you are able to continue that level 
of interest And I just point that out because I am fascinated with all these agencies 
here. This chart is an amazing Washington chart and to make all this work 
together with these highly skill^ people who perhaps do not submit to traditional 
administrative discipune quite as much as some others is have a big job. 

Now, let me ask a couple of questions here. Do you foresee the development, 
at some point of a system of user fees so the supercomputer network will pay 
for itself partially? And how would that system be smxtured so that user fees do 
not deny access to usen with limited resources, such as small schools and 
individiial researchers? 

Dr. Bromley. Well, in the long term, sir, as I touched on earlier, I look on 
the National Research and Education Networic as a pilot — if you like, a precur- 
sor — for what as fast as we can, will become a national service that is provided 
by the private sector as a utility service just like the telephone. 

And undCT those circumstances, it wouki seem to me that we would function 
much as we do at the present time. Small schools, for example, or people who 
wanted access to this utility would make application as part of their normal 
process of receiving support for their research activities to an appropria e agency . 
Just as we now provide part of grants and contracts to support tlv^ use of 
telephones, copying machines, and whatnot we would also be more than happy 
to include m that list of necessary tools the charges that might be levied by those 
public utilities for access to the computer net 
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Senator Pressler Now. as vou know. we have EPSCoR legislation lo ensure 
thafSSSuSSiT^ not unfairly left out when Federal research grants 
W^iste^ can be taken to ensure that the computer research and 
SS/eTpmem7aUed7or here in S. 272 and your P^opo^d wOl md^^^^^ 
iivitimUcns? Or to put it more specifically, how can we be sure an EPSCOR 
woridng deep drilUngai the South Dakota School of Mines wUl be 

'"^D? BROMLEY. WeU, I think perhaps the first and most important answer that 
I cK to uSt is simply to teUyou that this is the President s wish ™smmed 
d^Ov to me. If this is going to be his initiauve, he wants it to be broadly 
Sble to institutions llrge'and smaU, both in the edu^S™L"e^^ 
inZSrial sector Ilook on that as an instrucuon, and we wiU do everyUimg we 
wfc^to mL^^u^^^ Frankly, I do not think that we wiU achieve 

^S^e UKp^ of UiiTsystem unless we do just what you suggest. 

sZZ SmS^u l"^ much, senator Pressler. Senator Robb. 
OPENING STATEMENT BV SENATOR ROBB 

Senator ROBB. Thank you, Mr. Chairman. I am pleased to join you and Senator 
Presskr S»d odiw of^^ on Uiis committee again as a cosjwnsor of 

We have co^nspired in previous inc amations on other sc.enufic projects, and it 

is always a pleasure to wck with him. 

I did have a very brief statement. „ c o-ro iHa 

jJustor Chairman, thank you for schedulmg this hearmg on S. 272, the 

Hi2h^Perf(Sc^ Act of 1991. You have assernbled an impressive 

l^eld of SSs sl^^^^ experts who, hopefully, will be pauent with the 

"^ufwSd'SeTe^^^ 

were Im^g the to/^^ ^^^^^ '^^^^ 50th annual Westinghouse Science 
SmSh comi^ution. Although they were not among the top ten finalis^. 
ie^id^^eive $l!5)0 scholarshiil and recogniUon from President Bush as the 

m^Tt^^'s tu^^ at THomas Jefferson High Schcx^l for 

ScienJfand'Sology. one of seven Virginia high schools which specialize m 
SSiScJ Some might argue that these kids had an "J^air jdv^^^^ 
Three vears ago TTiomas Jefferson High won a supercomputei the Super- 
oS' c^Son. One of the stud^ts-Venkataramana Sadananda -used 
2SmU?SSn of the onset of heart attacks to estabUsh conditions under 
Xh heart beats become abnonnal. She beUeves that tectuuques used in lier 
Ttudy off^powerful new tools for understanding the mechanics of complex 

'^ms^kids^'ie excepuonal-but they are kids. Jud Berkey, also using com- 
puiI?siSiSaUoT^d tEe pnnciples of fluid dynamics, chose a project on the 

^^'^itu^^^^objecuves of the High-Performance Computing Act, especi^ly 
thosi E will make the potential of high performance compuung accessible 
S S homt. busISs, r^SeSchers. .nd%ducators - not just to those who can 

"^'^ W I was struck when you made mention of the fact 

tha C woid Uke to find a wiy to be able to let a child at home tune m to the 
Ubr^ of Congress. I could not help but think about last night when I came home 
ffimy Ster sitting at her computer, somewhat desperate. She had just 
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lost about an hour's worth of woric that she had done on her own PC. It had 
gobbled It up, and she was looking for some recourse to higher authority, which 
I was unable to provide at the time. 

And then when I heard Dr. Bromley say something to the effect that the entire 
Library of Congress could be transmitted in S days, it occurred to me that if any 
of these children had a printer and some sort of an arrangement to simply put it 
on automatic pilot, that we could incur costs that are beyond the ability of even 
Congress to take care of. 

I would like to ask Dr. Bromley, since this is presented again in a cost-con- 
scious environment, and since several of the earlier remarks and exchanges 
regarded, future funding whether you could just talk a little bit about the 
arguments made by those who believe that this would be a very good investment 
for our country, for our individual States, for uur industrial sector, for others. 
Could we get a traditional cost benefit analysis? How can we justify the kinds of 
expenditures that we are proposing here, or that are implicit here? Can you 
guantify the benefits se we can compare this program to the other programs 
competing programs (or the fmite Government dollar? 

Dr. Bromley. That, Senator, is an excellent question, and I wish I had a better 
answer for you than I am going to give you. Back in 1989, we entered into a 
contract with a group from Los Alamos to try to do just what you have 
asked — namely, to try to come up with an economic cost-benefit analysis of this 
initiative — and it has been under way since that time. 

Frankly, I would have to say that I do not put too much credence in the numbers 
that we have at the moment The sort of range that people are talking about is 
that if we were to implement the initiative that we have presented to you, the 
payback would be some A ^s^e between $170 billion and $500 billion over a 
period of the next 10 years. The range in itself tells you a lot about how good the 
actual calculation is; frankly, sir, I think that it is a little premature. 

Senator Gore. Even so. Dr. Bromley, it might be good to have that on the 
record. 

Dr. Bromley. It is not bad. 

Senator Gore. It might be good to look at I do not want to interrupt Senator 
Robb's question, but those are intriguing numbers. I mean, we can deal with a 
range. 

SenatCM" Robb. That is right. Regrettably, very little justification is frequently 
required around this institution. If you want to believe, you do believe. 

Dr. Bromley. Let me, then, sirs, tell you that the only — concrete numbers 
that I have available to me at the moment are those that came from a Gardner 
study that, in fact, was requested a number of years ago. It is in the range, of $ 170 
billion to $500 billion over 10 years. And that is a very impressive payback. But 
I also would caution you, sir, you are familiar with a great many cost- benefit 
analyses, that there are many potential pitfalls. And I give it to you only as an 
indication in support of my personal belief that the payoff here is probably one 
of the best, in terms of an investment, of anything that I can conceive of us doing. 

We just recently, for example, had the study of Professw Edwin Mansfield of 
the University of Pennsylvania, which focused on the rate of return on Federal 
investment in academic research. He came out with a figure of 28 percent. Now, 
that is a marvelous figure, because it was created by a fu^t-rank economist. And 
we scientists love figures of that kind, because our economist friends cannot 
argue with us about them. But I would submit, sir, that if that is the return across 
the board on Federal invesunents in fundamental research, then I would be 
prepared to wager rather heavily that the return on this initiative would be higher 
by substantial factors. 
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Senator RoBB. Dr. Bromley, I cannot tell you that that is encouraging news. 
I would only warn you that having g;iven a figure like that, you may it that in an 
off-set withm the current caps on the budget Then somebody will pencil in this 
program and then spend those savings for some other program which may be 
equally worthy. 

But I do appreciate it, and I think that the fact that there is, at the very least, 
a very substantial benefit in hard dollars that could saved ought to be cranked 
into the equation sometimes. And there arc occasions when we spend money to 
get even more money back. It does not happen often in government, but there 
are occasions when it does, and in the private sectCH- as well. 

Mr. Cnairman, I thank you for not only again sponsoring the legislation, but 
for another hearing, and hopefully more understanding of the importance of this 
particular possibility on the horizon. 

Senator Gore. Well, Senator Robb, thank you, and thank you for your early 
and vigorous support of the initiative in the last Congress as well. As a Governor 
you took a leading role in stimulating high-tech research and development in 
your State, and I am glad you are doing the same as a Senator. I appreciate your 
support 

Senator Robb. Mr. Chairman, if I could, let me just say that before the 
economy soured a little bit just south of the Potomac, I had some proposals to 
use our Center of Innovative Technology to house a supercomputer, but given 
the costs involved and recognizing the fact that there weren't the available 
expendable dollars we weren't able to push it very hard. 

I actually made a presentation on this bill and the purposes of it to an 
appropriations subcommittee that was taking a look at it, and I hope at some point 
that we may be able lo get back in as a part of this computer highway that you 
hope to create. 

Senator Gore. Well, thank you again for your early and vigorous support. I 
wanted to follow up on the figur ; that you had Dr. Bromley comn>ent on, and I 
accept the caveats on why models Uke these are not reliable. But the numbers are 
quite significant, and they include estimates not only related to GNP, but also 
reductions in the deficit. So your suggestion about the offset there I know was in 
jest, partly in jest anyway, but this 

Senatcx" Robb. No, Mr. Chairman, I have learned in this institution you do not 
jest about things like that. 

Senator Gore. But this does project, as unreliable as such figures are, very 
significant reductions in the Fed^al budget deficit because of this. To use a more 
reliable way of estimating its benefits, you could say that the total expenditure 
on this program represents about 1 percent of the Federal R&D budget. 

If, therefore, the improvements in the productivity of even a liny fraction of 
the other 99 percent of the Federal R&D budget results from this, and you know 
it will, then we are ahead right there in terms of value saved for the taxpayers 
before you even consider the benefits for the economy. 

It took only a tiny leap of faith to embolden those who CTeated the interstate 
highway program to allow them to assume that it would be used when it was 
built They could really see that it would be used, and it was; it has been. And it 
has vasdy improved our economy. It takes an even smaller leap of faith to assume 
that when this network is built it will be used. 

The utilization rate for the network which now exists, one one-thousandth of 
this capacity, is growing by 20 to 30 percent, not annually, but monthly. The 
increase is just phenomenal. And so it may be hard to put reUance in specific 
numbers, but it is easy indeed to assume that it is going to make a tremendous 
difference for our economy. 
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I have just a few other questions, and then we will let you move on. Your 
initiative, Dr. Bromley, places a great deal of emphasis on massively parallel 
supercomputers. Clearly massive parallelism is the only way we are going to 
soon achieve the 1.000-fold improvements in computing power needed to solve 
many of the grand challenges. Yet, there is still a good deal of good science being 
done on so-called conventional supercomputers. 

And I am wondering, will the administration's initiative focus solely on 
massively parallel supercomputers, or will funding also be provided for purchas- 
ing supercomputers that are now on the market and developing new and improved 
software for them. 

Dr. Bromley. It is certainly, Mr. Chairman, not our intention to in any way 
suggest that the only way to go is the massively parallel route. The important 
thing is that, given a problem in eith^ science or technology, it usually turns out 
that either the parallel or ttie mainframe has major advantages in the solution of 
that particular problem. The goal is to have both facilities on the network, so that 
you have essentially a transparent system. An individual working in Senator 
Pressler's laboratory would simply use his work station and have access through 
the network to whichever is most suitable to the problem to be addressed at the 
time. We in no way are suggesting that wc want to eliminate ouz of these 
approaches in favcM* of the other. We do, however, note thai if we are to reach the 
increase in speed in the time that we project here, the only way to do it is through 
scalable, massively parallel architectures. 

Senator Gore. Well, I am a big fan of massive parallelism, as you know, 
because you and I have talked about it. But I also recognize the kind of balance 
in the program that you have just indicated with your response and how important 
that is. 

One other question, and it involves education. In the administration's 
proposal, the primary justification for the initiative is research and development. 
Frankly, I was a little bil surprised that more attenticm was not given to the 
educational applications of this technology. There are hundreds if not thousands 
of ways that a national computer network can help students in colleges, high 
schools, junior highs, and even elementary schools. 

For instance, in January I attended the annual meeting of the American Library 
Association in Chicago, and saw a demonstration of how librarians are using the 
NSFNET to provide students with information from databases all over the United 
States. Yet, in the administration's proposal, there is almost no mention of the 
role that libraries will play in providing information resources to other users of 
theNREN. 

Was this an unintentional oversight, or does the administration intend to focus 
almost exclusively on research? And how would you personally like to see 
existing networks and the NREN used to improve the American educational 
system? 

Dr. Bromley. I am in complete agreement with you, Senator. And the fact 
that this does not appear in this paiticular report reflects my earlier comment that 
this is the first year, and the first attempt was done under immense time pressure. 
It essentially built on activities in which the agencies are currently involved. 

No one in the group that develo^^ this initiative questions for a moment the 
tremendous importance that it will have for education. And I think I can promise 
you that when you see the report of this group next year, you will see a much 
greater expansion of areas like education. They are not included this year 
because, as i say, we were working to get this report to you, and there was a 
natural tendency to build on those familiar areas in which the agencies are 
currently involved. 
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Senator Gore. So you would not object if in our aulhori2ation this year we 

"^SH- W^Srita^jiSi'^gr^lentsoon.^ . 

KS .^S'if ^Ji>ve on n°«' We hive tad you here . tong tune 
n, EmStev Dr Vtow. You have our admiralion tor the job you are douig. and 
^ todrfSi bragging on the good work you do in so many areas. 

Kbybe It makes up tor the few— — 

ti^^^ Ku^^ SSe^ ihe few places where we disagee. 
ButSv^iSfti y™r teSp in this aitS in particuliu^ It has been 
a Sv^^^thySJpubLy and privately, to get to k^^^ ^1f?!ifi S 
A?^Xh2rinS»«Sly to inove this matter along. And we look forward to 

"S^oiiSrifflllJSk^ opportunity to work with you. sir 
SiiSS?^' ffiy^^^?y Kmk you. D.. Wong. We wUl now 
cal?o!?pLWe h^Ve moS^wimesses in apanel. and then we wdl conclude 

"^E^iv rv™id Lannenbetg. ChanceUor of the Univeisity of Maryland 
o Si" ES?S? ffi rSStOT of the Cornell National Supercomputer 
Syswn; "'L'^ij^rS; ^^^^ President of Marketing for 

Facihty m Ithaca. NY. .Mr- Tra<»jr ura^ r ^ President of 

n?™^ ite uSyKch ffboratory.EU LiUy & Company in Indianapolis 
SllSl^mpS b^Riaz Abdulla. Head of Supercomputer Appbcauons 

^ wJt^ltbS t'fiS'^ statements of all our wimesses will be 
incKta SSS We inZ y'ou to summarize what you have to present to 

'^SSitSg'°^l^''»ill begin wiU. you. I would like to thank aU of you for 
.„,^fn^TW*ri™ne ofyou haJe traveled great distances We really 
^rSLe Semdettot you have put into making the hearing today a useful 
^T^JlTve ?S we ^iU hear Si of you before going to quesnons. Dr. 
Langcnberg, please begin. 

<!T ATEMET^ OF DONALD LANGENBERG, CHANCELLOR OF THE 
ST ATEMEN I MARYLAND SYSTEM 

nr T AKP.FNBERG Thank vou. MrX^ai^nan. Most of my biflscs OH iheissucs 
>v.fS^ sSS frSn m^^^^^^^ as chair of a national research council pane 

f iLl^h. ^eUser's V^w I wUl comc back to that subuile in a bit. 
f w^d Uk?u>^e juS a ferpoints related to the work of that panel and 

u • ^.K^^r^ijr^in^ 272 The panel found that there exist significant 
tSTi fiS Sihavioral^^nfras^^^^ impediments to the 
wiSd ^ 0?^^^^^ in research. And though the panel s 

Si JgTT^^nSiSl to research. I beUeve the same impediments ex.st with 

'^em^X^'Ln recommendations and a host of sub-recommendations^ 
c oil ^^rJJXto^nost of them, and responds very weU. One of the panel s 
^'^^^ ^^?^JS^JS^ti(Z that, and Iquote. 'The institutions supportmg 
T'iTrS&Ty Government, should develop an 
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interconnected national information technology network for use by all qualified 
researchers.** 

The National Research and Education Netwoik responds directly to the need 
reflected in this recommendation, and also, I believe, to the very important 
collatoal need of the education sector. In my judgment, NREN, if that is the 
correct pronunciation, will revolutionize both rese?rch and education, though, of 
course, in a evolutionary way. 

My third point is that when one thinks of what NREN might do for education, 
one thinks Hrst of ti.>e education of scientists and engineers, and then pe;haps of 
the incredible potential inherent in linking NREN to every elementary school, 
every secondao' school, every public library, and every museum in the counQ7. 

There is another educational need of utmost importance. I believe that p^r. of 
the challenge we face is the creation of an entirely new kind of institutional 
infrastructure for managing the new information technology, led and supported 
by a new breed of information professionals. These may bear some resemblance 
to librarians or to computer scientists or to publishers. And whatever they might 
be, we need to create schools for training them and institutions within which they 
can function. And that means educational and instimtional innovation of a kind 
that S. 272 appears well designed to foster. 

My fourth point is that the most important words in the title of our panel report 
reflect the panel's most important observation. And those words are "the user's 
view.** In simple terms, the panel concluded that the development of information 
technology and its applications in the conduct of research — and here I would sa> 
education, as well — are far too important to be left to the experts. The panel 
cautioned that planning and development should be guided by users of infomia- 
tion technology, both current and prospective, not by information specialists, 
information scientists, information technologists, or local, national and interna- 
tional policymakers. 

It may not invariably be true that the customer is always right, but institutions 
that create technology or make policy without a clear understanding and ap- 
preciation of the real needs of their clients and constituents risk making serious 
and expensive blunders. S. 272 calls for the advice of users in the development 
of a national research and education network, and I especially applaud this 
provision. 

My fifth point is a very strongly held view. In my preface to our panel's report 
I wrote, and I quote, "I share with many researchers strong belief that much of 
the power of science (whether practiced by scientists, engineers, or clinical 
researchers) derives from the steadfast commiunent to free and unfettered 
communication of information and knowledge." This principle has been part of 
the ethos of the global research community for centuries, and has served it and 
the rest of humanity well. 

If asked to distill one key insight from my service on this panel I would 
respond with the assertion that information technology is of truly enormous 
importance to the research community, and hence to all humanity, precisely 
because it has the potential to enhance communication of information and 
knowledge within that community by orders of magnitude. We can only now 
dimly perceive what the consequences of that fact may be. 

lliat there is a revolution occurring in the creation and dissemination of 
information, knowledge, and ultimately, understanding, is clear to me. It is also 
clear to me that it is critically important to maintain our commitment to free arid 
unfettered communication as we explore the uses of information technology in 
the conduct of research. 
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What 1 asserted there about research. I would assert now about education^ And 
/^M^sser^ mcrea^ orofoundly important consequence of the 
^ of MT^ n^ of rescSrch or the improvement of 

creauon of wiu heSe fundamental democratization of all the 

S o'J^t'iSlSt S.nnd I Sve gnueful «> tot Piasburgh su.. 

"^M^lffiad direct personal access to the Library of Congress the British 
What If 1 haa nao oireci P^=5! ^ Museum aU in the course of a summer 

Let's not blow iL . . . .j^y^ ,hat S. 272 identifies the 

TsS^e'm'SKuS^^rsX^tSy.i.sc^emscienccanden^^^^^ 
"Tri^Skns most imponant. alone among Federal agencies NSF bears 

enSsTforS" W you aniyour colleagues to enact mu, law. 

GORE, n^nk you very much. We certainly appreciate your forceful 

^•^r 2Sm*&' wdSlS^'swing that microphone around there so 
we can hear you. Thank you very much for coming. 

STATEMENT OF DR. MALVIN H. KALOS, DIRECTOR, CORNELL 
!« 1 A 1 e-Mti^ w xHEORY CENTER 

Dr KALOS. 1 am sitting on the end lo give me ready access to the computer 
terminal, because I am going lo demonstrate some videos. 

M o,°^ oOdSS^' it is a privilege lo be invited lo comment on S . 272. 

gineermg.andindustt^p«^MUviw;«oTO^ ^.^^^ ^ 

SS^omputing and coSununications m our technological society. 
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Senator Gore, Senator Presslcr, Senator Robb, and the other cosponsors of 
this bill, and the President^ understand the deep and positive implications for our 
future. Dr. Bromley has done essential work in translating these ideas into 
effective policy. FCCSET for the first time has unified the Federal approach to 
high-performancecomputing. Theiis isa well-designed, well-integrated program 
that shows good balance between the need to exploit advancing supercomputing 
technology, the need for very high-performance networking, and the need to 
bring these new tools to the widest possible community through research and 
education. 

The aim of fundamental science is to connect all our knowledge in a seamless 
web of quantitative understanding. This is now harder to do, because we probe 
into more and more complex phenomena that defy analysis by the mathematical 
tools we have. Computaticxiaf modeling is essential to fill this need. Many areas 
of science involve systematic connection among diffoent phenomena at different 
scales of length or energy. Chemistry, biology, medicine, the science of 
materials, astrophysics, are very good examples. 

Computation is also an essential tool in experimental science. The most 
advanced instruments, optical and radio telescopes, particle accelerators, and 
computers themselves, are studied, designed, optimized, and verified with the 
help of computer simulation. Data collection is automated. The reduction to 
comprehensible data sets involves enoimous computations in some cases. The 
exchange of large data sets will require voy heavy use of high-capacity data 
networks. 

An important- step in modem science, I believe, was the creation by the 
Congress and the National Science Foundation of the National Si^rcomputer 
Centers. That was the mark of the entry by the mainstream of American research 
into this new era of computational science. The entire scientific and engineering 
community of the Nation has the opportunity to exploit these new tools. Students 
and young scientists, always the very heart of any important scientific change, 
are now involved. They will carry the message to the rest of our society and to 
the future. 

I would like also to comment that the present program includes attention to 
education. The NSF program, supercomputer include for example at Cornell the 
Superquest program which is bringing knowledge and training of supercomput- 
ing to high schools around the Country. 

I will show some videos showing significant scientific advances made pos- 
sible by supercomputing, and I would like to comment to Senator Pressler, in 
particular, that some of the advances that I have in my written testimony are those 
that come from small schools. So these centers provide this power to large 
institutions and small, primarily research instiuitions, primarily undergraduate 
institutions; this is a very important balance. 

Another vital role of computational science is that of permitting quantitative 
connections among diffi^nt disciplines. Every one of the large problems that 
confront our society, and to whose solutions we expect science to contribute, is 
in some sense a multidisciplinary problem. Issues of the environment and 
medicine, to cite only two, involve many sciences working together; chemistry, 
physics, engineering, fluid flow, biology, the science of materials. 

Bringing the knowledge from these fields together to make quantitative 
predictioa*: about the effect of some technological or regulatory proposal would 
be utterly impossible without the use of high-performance computational model- 
ing, which is the natural language, the indispensable lingua fraiKa of quantitative 
multidisciplinary research. The supercomputing community will soon find itself 
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at a major crossroads where the increases in performance needed for our scientific 
mandate will demand parallel architectures. - . . i™,k„c 

To exploit these new machines, a major retooUng of software and algonihms 
wiU have to take place. TTiis must be started very soon if we are to make progress 
on the jsrand challenge probtems in the mid.l990's. The high-performance 
comouting and communications program wiU offer us an essential opportunity 
to bridge the gap between today*s high-performance vector machines and 
tomorrow's highly pwallcl systems. 

I have emphasized how science and its apphcauon to societal problems 
involve the national scientific community. Bringing to bear this transfomiauon 
of computational science in the most complete and positive way requires that iis 
techniques and strategics be learned, used, and shared by the widest possible 
CTOUD of researchers fflid educators. AU of these are necessary and the ap- 
propriate level and balance among them is essential. The High Performance 
Computing Act of 1991 is a vital step in that direction. ^ . 

And now I wUl move to the screen and 1 am gomg to show three videos with 
dU erent scientific themes, and each has a different theme to bear on the 
application of science to industry or medicine. 

IPirst videotape shown.] .... . i 

The nrst one shows the investigation, which mvolves some unponant algo- 
rithmic advance by Mike Teeter, who is a professor of physics at Cornell and an 

'"'we^'^lo^^^^^ a simple ball and sUck model, of a quartz 

crystal Then, the siUcon and oxygen atoms wUl be dressed in fields that represent 
the electron fields at various densiues. TTiere are three of them, and the lowest 
level of electron density is shown in bliie. r a i ^» r«M .hat 

Now we see the blue level only, and we see the ramified electron field that 
oermeates the entire crystal and gives it its structure. TTie importance of this for 
Coming is that understanding the physics of quartz means understand the physics 
of glass, and this was translated into making better opucal fibers, an important 
competitive advantage for Coming. 

[Second videotape shown.] „ ^ u . c 

The next movie is going to show something you have talked about. Senator 
Gore It shows the composition of a set of data represenung a sedimentary oil 
field in the Gulf of Mexico assembled by a team of 19 organizauons, 11 
neu-oleum companies and 8 academic institutions. , . 

We sS a 30 by 10 mile area of the floor of the Gulf of Mexico. The green 
zones show places where oU or gas has been seen. This is a set of salt domes. 
They are 6 miles high under the ocean. And what we are going to see-well, now 
we see sand and shale zones. But more important, we are gouig to see patterns 
of hS^-flow throughout these salt domes. The patterns of heat-flow are correlated 
with the presence of petroleum. , . ^ . r . . ^„.„f*-™..ii 
Now this is simply5e assembling for the fu-st tune of disparate data fiwn all 
of the pkrmers in tMs. Assembling it. producing this video, has presented new 
Siskhl^for the geologists. They think they understand better than ever before 
how to improve the recovery of petroleum from exisung sources worldwide. 
They are also going on to do serious, very heavy computauonal modelmg to try 
to understand in a still more fundamental way the processes that are going on. 
We are flying through the data; we are understandmg what is really happening. 
S-nator Gore. This is an example of what they mean when they say that 
computauonal science has now joined inducUve reasoning and deducuve reason- 
ing as a third new branch of knowledge creation. 



56 



Dr. Kalos. Absolutely. Yes. Incidenlly, these partners are also far apart 
geographically and will need to exchange these data through high-capacity 
networks as they work. 

The third video has to do with the uses of ultrasound, low-intensity and 
high-intensity ultrasound in probing the human eye. 

[Third videotape shown.] . 

First, we will see how low-intensity ultrasound is used to survey the existence 
of tumors in a human eye. A data set is being built up, reduced to a form 
understandable by the computer. The location of the tumor is indicated. Incident- 
ly, this is the retina, which is so distorted by the tumor that it is torn away from 
its usual position in the eye. A data set is being sliced off and assembled into a 
three-dimensional data set that the computer can understand. 

And we see in animation how this is done. We see the retina there, the distorted 
retina. And here a computer-usable model has been assembled. We see the tumor 
in three dimensions as it rotates. Now the model is used in a mathematical way 
to understand how the illumination by high-intensity ultrasound would affect that 
tumor. We see the simulation of the effects of heating by a focused, high-intensity 
ultrasound beam. 

You see, of course, the high temperature at the center of the focus. In therapy, 
that focus would be steered around the tumor and would literally cook it into 
oblivion. 

Thank you. 

[The statement follows:] 
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STPamm OF DR. MALVIN H. KAL05. DIRECTOR. COKCIL THEORY CEOTER 

Mr rhairman. it is a DrivUe« to be invited to comment on the High Performance Computing 
Art S^n L compTnrof such a d,5Hngu.shed group of representatives of government, 
industry, and academia. 

I am Malvin H Kalos, Director of the ComeU "n^eory Center, and a professor of Phys'«J| 

ToZln T^^n^^^^^ ^ceiv^uppo'^^from the SUte of New York, and from industry. 

Mv career span* 40 years of work with computer, as a tool in physics and engineenng I have 
worke^n iSTe«^S^du»try, and as a consultant to the Los AUmos, Uvermore, and Oak 
ZTr^^Z^^'^^ "PP""*"" °' performance 

computing to hirther their missions- 

Wp witnessine a profound transfonnation of our scientific and engineering culhires brought 

reachingbenehto. "^T^^^;",^^ J author, and cosponso« of this Bill, and 

^cirg^ eSSen .nd tlcHugh who- b«king of our e«om Gondii lor 
the enHrc program has been very strong. 

work in translahng »2s, for the first time, brought unity mto the 

^^r^l'apTroS t^th-p^rfo^ This is a well designed, well mtegra.ed 

^^^fm fSt shows eLlba^^ between the need to exploit advanang supercompuung 
SlCtS^et^ '^^^^^ ^^^"^ networking, and the need to bnng these new 
ISls to^ widest possible community through research and education. 

I uHii h«rin with some historical and philosophical remarks about science, using the history of 
1 „ot . dry coUection of disconnected facts, however 

^ tSrl^ \^ dyn«nic nLork of interconnections between facts. For 

fSS* ^^STT^n^^er ,^ed before can be the highlight of a career; the 
a saenost ™rf J*,!^^!. more Uis valued. Our aim is to connect all we know in a 
'^''.t'tS.^f liSSSS'nfH^oriX'i* P*-^* contribution of the greatest scientists 

n^titativT^t merely verbal or qualiUrive. Making these connections m a q"^'"''^ 
quantiUdve not ff^rely VCTW q ^ as we try to probe into more 

paradigm. 

Chemistry » one of our most important sdenoe5, one that contributes enormously to oj^'J o* 
Sr;;;7cal world and or. wl^seap.^^^^^ 

iTdeSLS^ w^ ^e* L transUtion of that 

supercomputers '» ^ind atoms into molecules, molecules into larger 

extraordinary numerical precision, which can only be attainea oy very p« 
supercomputers, is required for this vital work. 

Gl 
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Many other areas of science involve this kind of systematic connection among different 
phenomena at different scales of length or energy, including biology and n:\edicine, the physics 
of n^aterials, and astrophysics. 

The role of computation in linking disparate scientific fields is not a contemporary 
developmnt. The early evolutk>n of modem computers was donunated in the 19405 and 50s by 
John von Neununn, who was also a great mathematician. He designed computers so that the 
very difficult questions that underlie such scientific and engineering problems as fluid flow 
could be explored and understood. Only later was it recognized that computers were also 
important business tools. The essential role of computers in science and engineering were well 
appreciated by many groups in the United States, including the national laboratones, and 
their use contributed very much to the dcvelopn^nt of nuclear weapons, fusion technology, and 
the design of aircraft. 

The use of computers in academic sdence and engineering evolved nnore slowly, partly because of 
the failure of many to see the possibilities, partly because the policies of the Federal 
government at the time discouraged scientists from participating fully. My own career wa$ 
impacted negatively by these policies. It was the leadership of a few scientists, notably Dr. 
Kenneth Wilson, who created the modem climate of respect for the accomplishments and 
possibilities of computational adcnoe in the future of our country. The constructive contributions 
of the Congress and the National Science f%)undation in creating the Natioiul Supercomputer 
Centers are noteworthy. That creation was, in a profound sense, the mark of the entry by the 
mainstream of American research into the era of computational science at the heart of sdence 
and engineering. 

It is also important to note that computational science is now an essential tool in experimental 
sdence as it is currently practised. The most advanced sdenhfic instruments, optical and radio 
telescopes^ particle accelerators, aivi computers themselves are studied, designed, optimized, 
and verified with computer simulation. DaU collection is usually automated with the help of 
computers^ and the reduction to comprehensible data sets and pictures may involve enomx)us 
computations. Exchange of large data sets and the cooperative work in understanding them 
will require very large computations and very heavy use of future high capadty daU networks. 
Finally, in many cases, even reduced data are incomprehensible except when studied in the 
light of complex theories diat can be understood only by simulation. 

Now the entire sdentific and engineering community of the country has the opportunity to 
exploit these new tools. Many researchers are. Important new sdentific discoveries are being 
made New ideas and connections are seen everywhere. More important, students and young 
scientists, who are always the very heart of any important scientific change, are involved. 
They are coming to understand the techniques, the promise, and the limitations of 
computational sdence. Their knowledge and its applications are the most important products 
of our efforts, and they will carry the message to the rest of our sodety and to the future It is 
they who will have the most direct Impact upon industry in the United States. 

The sdence made possible throughout the nation by the resources of the Theory Center spans all 
scales of length and energy from the galactic through the planetary through the earth s crust, 
the behavior of n^-tnade structures, of materials at the microscopic level, to the physics of 
elementary particles. From anothe/ perspective, it spans the traditional disciplines of 
physics, chemistry, mathematics, biology, medidnc, all fields of engineering, and agriculture 
and veterinary medidne. 

Although I describe research at or made possible by the Theory Center, the other National 
Centers, at San Diego, Champaign-Urhana, and at Pittsburgh, can easily list an equally 
impressive set of accomplishments in pure and multidisdplinary sdence. 

It is perhaps unfair to dte a few at the expense of so many others, but the work of Stuart 
Shapiro and Saul Teukolsky on fluids and fields in general relativity is outstanding and has 
been recognized by a significant prize, the Forefronts of Large-Scale Computation Award 
Their research comprises both the development of mathematical and numerical methods for 
the exploration of astroph3rsical and cosmological phenomena and the use of these methods to 
develop quantitative understanding of the formation of black holes and the characteristics of 
gravitational radiation. 
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and American industry a competitive edge. 

. ,u ck-«« .nrf hia iwouo at ComeU into the three-dimensional structure 
The research of Harold Schoaj^ ^r^f'^rtivSr investigation of the fundamental 
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coherent visual way has led to a>w and deeper understanding of the geology. The outcome of 
this understanding is very likely to impiove oil recovery world-v/ide. I will also show a video 
clip of a visualization of the data set that was prepared jointly by the Theory Center and the 
GBRN. 

It is important to note that this research covers a wide range of partners, geographically 
dispersed, aiui the that the medium of information exchange is usually visual. High- 
per f ormance networking is essential lo the CBRN and to similar scientific enterprises. 

Another important devetopment is the establishment at Corrwll of tht Xerox I>sign Research 
Institute, with the participation of the Theory Center, the Computer Scieiure Department, and 
the School of Engineering. Directed by Gregory Zack of Xerox, and involving researchers from 
Xerox centers nationwide, the aim of the Institute, quite simply, is to improve Xerox's ability to 
tmng better products more quickly to narket. The techniques are those of computational and 
computer sdencc. A vital aspect of the research is the development of nr^thods whereby the 
geographically separate centers can effectively collaborate. Again, hifh-performance 
networking is key. 

As our reach extends^ the necessary partners required to carry out important collaborative 
research will rarely be found at one trwtitution or even in one part of the country. Essential 
experimental devices or data bas» may exist anywhere. Kipid, concurrent access is essential, 
and at higher demands in bandwidth. The NREN is necessary for the full growth and 
exploitation of the scientific, techiM>logical, and educational implications of computational 
science. The CBRN and Xerox examples indicate how the greatest potential is for industrial 
use. 

The supercomputing community will soon find itself at a major crossroads - where the increases 
in performance needed for the fulfillment of our scientific mandate will demand parallel 
architectures* To expk>it these new machir^, a nwjor re-toc'ing of software and algonthms 
will have to take place. This is not a trivial undertaking, yet it must be started very soon if we 
are to nnake progress on the Grand Challenge problems m the mid-1990s. 

The High-performance Computing and Communications program will offer us an essential 
opportunity to bridge the gap t>etween today's high performance vector machines and 
tomorrow's highly parallel systems. 

I have emphasized how science and its application to societal problems are communal 
activities, activities that involve, more or less directly, the entire scientific community. 
Bringing to bear the transformation made possible by compuutional science in the most 
complete and positive way requires that its techniques and strategies be learned, used, and 
shared by the widest possible gn>up of researchers and educators. That means advancing the 
art, acquiring the best and most powerful tools of hardware, software, arKl algorithms, and 
coupling the conununity in the tightest possible ways- 

The 'High-Periormance Computing Act of 1991" is a vital step in that direction. 

Senator Gore. Boy, that was really impressive. Well, we will save our 
questions, but thank you so much for your presentation. Very impressive. 

Our third witness on this panel is Mr. Traccy Gray, vice president for 
marketing with the Government Systems Division of US Sprint Mr. Gray, thank 
you so much for joining us today, and please proceed. 

STATEMENT OF TRACEY GRAY, VICE PRESIDENT OF 
MARKETING, GOVERNMENT SYSTEMS DIVISION, US SPRINT 
COMMUNICATIONS CO. 

Mr. Gray. Thank you. Mr. Chairman, and Members of the subcommittee. 
Now, these are two tough acts to follow, and I do not even have my video to 
support me. I would like to give you some comments from the perspective of 
the — of a business poised to take advantage and to offer to the Government arid 
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to the many users of acadcmia and industry in ihiscountry. thekindof capabiliues 

niS^raJi'So^^S^d s^^^^^^ bin. 1 would like to ref e.^ my 
comment reaUy along the lines of how we as a business in the industry see 
a^id^ciA^ the objective of this legislation and iniuauve. and 
how we tSucve that we cin bring some of those objecuves to bear. 

T wouS lodepart just brieOy. though, to remind everybody of the power 
of die Drivate sector U) bring to bear resources, capability, technology, and the 
busteKi^iid^^^^ 

Sc umtotanding and fie perceptions are properly put m place. And I ihmk 

that i<i what this bill is all about. , . . _ 

LuwJtc to remind everybody here that just about6 ye^ ago. this country 
saw one of d^e most significant economic realignments m the industry thai we 
Sve everhTd That w^ the divestiture of AT&T. US Spnnt was an outgrowth 

nS*Sorint today has a network that is just a hole under 4 years oldJt is a fully 
depVoyed nbS^ptic^^^ that transcends the Nation It has 23.000 miles of 
nSr in it We su^rt mUlions of residential, business large corporauons ^d 
novemmem customers. We support 500.000 or more Govemmenl customers 
neirrMupportiS^^ with voice, data^ video, imagmg. high- 
f^simile. electronic mes4es. packet services, and a vast array of private 

^"'InSuy we support hundreds of thousands of other Government services 
ihioueh inter-operabUity of our networks with others. We are also deploying at 
Sme-teS m mind! Ihis is a network slighUy less than 4 years old~we are 
deploying at this time the capability to support some technology. 
^m^XiTta\iy means is very wide band high-speed network and data 
tmnsnUssSn capabiUty within the neiwork. Bear in mmd. agam this is a network 
Sv oicr 3year3 old. We have weU over $3.5 bilUon mvested in this network. 

wVsup^^^^ bill from the standpoint that it provides the se^ money the 
iniUal stSSSS that we tliink is necessary to develop die next level of appUcauons 
^d^ brSg about the incenUves in the private sector to make the next s^ep, which 
?Suldbea quantum leap, in die deployment and the mvesunent of technology 
U^t will support die mulu-gigabit transmission paUis that are necessary to 
achieve the objectives you are talking about. 

We are ve^ea-ened to hear and see the recogniuon of the ^mportaiKe f 
the communications link, die superhighway network. We b^^Jf ^^.^f^ -N^' 
tionS^Research Education Network objectives can be achieved widi this miua- 

tivp with this measure. 

I would like to bring two issues to Uie fore diat, to give us. if not some concern 
some re^n to watch what you are doing and look at what you are doing and 
S:ipaTSi U.7o ensure Oiat these issues are dealt wiUi. And I believe Senawr 
CsS Stoiwl one of Uiosc very well. And that is to ensure Uiat die f undmg 
S d^elopment and die participation is broad enough to encourage and to 
^ptSrt ie uXof somediingWr tto supercomputers and die users who may 

°"^^Sn f^X^v^'lSi^^^^^^^^^ this, is we know fn)m experience 

thaft^fSst benefits and die likelihood of seeing timelydevelopm^^^^^^^^ 
Soymem of die types of technology you are talkmg about »s very dependent 
broad base of u^rs. The more fully cost can be ailpcatcd and distnbuted 
C m^y us^s, die better off everybody will be. and die faster and die more 
Sy^e^elopmem of diese technologies will take m die pnvate sector. 
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I think an example I would like to cite where we have had the technology, we 
have had the capability for some time, and yet we have not seen the full benefits 
and the full optimization of the technology and the s^jplications in the area of 
integrated services digital networks, this thing called ISDN. 

Certainly the technology and the capability is there, but the applications are 
not And Dr. Bromley spoke eloquently about the need for software and the 
development of basic applications to drive and to take advantage of the technol- 
ogy of that type. 

So we encourage the planners and the architects of this legislation to ensure 
that there is a broad participation in the academic, educational, and industrial 
community, beyond diose diat just rely on supercomputers. Secondly, we en- 
courage and we will do all we can through our participation to ensure that the 
development of the network itself is a development and a plan that will permit 
the utilization of public networks to support these services and to support the 
capabilities. 

We do not believe that it requires a private network development or applica- 
tion to support your objectives. We do believe, and our experience tells us. that 
the maximum cost benefits, the long-tenn interest of the users of a network can 
be found with shared network applications. We have seen time and again the 
problems that develop with private networks, where you have a group of users 
stranded with a set technology. 

We also believe that public services and the commercialization of these 
applications and {voducts will ensure that the Government, the need for the 
infusion of Government money, will cease over time, will minimize over time. 

I thank you, Mr. Chairman, and members of the subcommittee. That is a 
business perspective that differs slightly from my panel members. I welcome this 
opportunity to have spoken to you. Thank you very much. 

[The statement follows:] 

STATEMENT OF TOACEY GRAY VICE. PRESIDENT OF MARKETING. GOVERN- 
MENT SYSTEMS DIVISION. US SPRINT COMMUNICATIONS COMPANY 

Thank you. Mr. Chtinnan «nJ membea of the Subconunittee. I am Tracey Gray. Vice President 
of Marketing for the Govemment Syitemi Divinon at US Sprint I aippreciaie thii opportunity to 
speak with you on S.272, the High Performance Computing Act at 1991. 

Ai you know. US Sprint is the third largeit interexchange teleconununications carrier in the 
United Sutet today— and the only all fiber. fuUy digital netwoik. US Sprint tervet 90% of the Foitune 
500 U.S. oompmiei with voice, data, and video aervices. and we offer telecommunications services 
to 183 countries around the world. 

My division, the Govemment Syttemt Division, is proud to serve over 500.000 government 
employees at 35 agencies under the FTS 2000 contract In addition to FTS 2000. we are responsible 
for all business relations and opportunities with the federal govemment This includes evaluating and 
assessing the risks and opportunities with emerging technologies and applications in tclecommunica- 
tions network solutions. 

NREN APfLICATIONS 

I would like to talk with you today abojt the National Research and Education Networks 
(NREN)--one component of the High Performance Computing initiative. Mr. Chairman, the opera- 
tive word in that sentience is Network. High performance networking should share equal billing with 
high performance computing. 

lis Sprint does not buUd supercomputers; we do not maintain or operate an information 
infrastructure of independent databases; we do not develop ind<»endent computer software tools or 
train supercomputer hardware or software engineers. US Sprint doa interexchange provide telecom- 
munications services — based on state-of-the-art, fiber technology and advanced network architec- 
tures. Fiber technology will be the network infrmstiuciute that supporu the computing hardwire 
necessary to solve the Grand Challenges. This fuute netwoik plationtn will allow researchers to 
establish National Collaboratories among our tution's Uboiaiones and university research centers 
that will solve the Grand Challenge prMlemi such as global wanning, the identification of new 
superconduction materials, and the mysteries of cancer causing genes. 
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While ihe Grind Challenge problems certainly require our ttteniion US Sprint appreciaic* the 

i^^^SiS^SiSJif needed for'itt lod. «n» by i^'ulting m transporuuon 

iSSSSTu^ S SeS iSuS^JSSSti^* of •upe^puting b«,efiu the Amcnc«» consumer 
SrrnXSS^ren^ efficii^cies. higher quaUty pioducu. mcreased cost savmgs. 

'"'^ffir.lSfolriSdy on .uperc«mputer» «k1 connecting supercomputen. Other re.e«ch and 
<^«^«™« rwU?roM require hiTh spetS networking, md by bringing other appbcuons on to this 

j"'^ investmenu m mulu-gigjibii networks. 
^^^riX^Sal do^ are confronting a problem where technology produce, greater 
l-or «*™P^f^ "Jl^ ^ f jjpert, to interpret the data. The soluoon is telcnidiology— 

n«iSJ^«> rltbcfoeUu lo access key medical imaging from vutually anywhere m the United States 
Si^S>^?T^y^S W's netw^ can tnmmit .iugnostic quaUty image, m approximately 37 
Te^iiuL m&ple^ kilobit per second line.. ««ne,ini.ge wo«W take up to m hour ^d a 
Sn^MoiSiioveratiiditioiulu^^^ ^ . ... 

T^^'^i^!mS^\^ allow real time fuU mou,>n imaging and reouire bandwidths 
Tomorrow . l«tao*o|y^^i^^ ^^^^^^ ^ radiologist 

l?^T.S!S'lS^S teTwit w^^^^^^^ movfand EaS brat, and provide unmediate 

ioA m(S?;^S5r«nd effid^^^ aUowing widely dispened engineers to pamc.pate in the des.gn 
process without exchanging roomfuls of paper. 
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The aucition posed by the legisU^on. however, is how supercomputen can be made accessible 
to m?T^ 2«i 3the answer islhe development of «ipemetwoiks with mulu-g.gabit capacity-or 



IJS Srjrint is working with developments that would support the NREN objecuves. We are 
Ub ^pnnt Zr^rLdA^uid ten bcdakin tothose estabUshcd under the leadership of the Nauonai 
developing plans forabgadband^^^^^^ (DARPA). and the 

Sacnce ""^^^^^^r^^^ US Spnnt is a partner in a Midwest coabtion 

CorporaUonforNauonJ^ 

Oiat ,s workmg ^«^iE^ 

Si^wSXthJiserto-flyover-'or-walkthrough"^^ see abatUef.eld 

"''k^a'iffy" Sl^t has re«nUy become an international NSR^^^^^^^ 
linkVrreseareh nctworics in France and Sweden and we now serve on NSF s Federal Networking 

^'Ijrou'^Tade^ L'*^^^ d-lopme„t of the systems necessary for 

...^S^.tSTm^ySi^^.^'^ fund«nenul building block required for gigabit networks 
^^^.^irplterSSt^amplebandwidlhtosupp^ 

exists today.Fiberc^cMWesw^^^ opuc network operates today with backbone 

speeds 24 Gbps oftic equipmenVin our labs for mstallation on 

iwitcmng pwuon bandwidth-on demand services essential to high speed network*. 

Smil'^SntSSS JePSuy^titSe, c^Sible of .witching traffic at 150 Mbps are on the market 
r^!v 'intemariald .tandardi fOT relay are advancing rapidly, with many projected for completion 
^^1^*<}? iKS«V^^ictJVS^ problem, remain in ceU relay tcchiiology such as 

T^rrrvJil^SrSf ««,d„5^ fa ,u^n n^uire, c.f»l con- 
lidtnUOT mi mat parallel Uie evolulion of gigihl lechnologi.s. 
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us SPRINT POSmON 

Mr. ChAumtn* US Sprint fully supports the intent of the High Performance Computing initiative, 
v/c are convinced thai without goverruncm sec money, supercomputer netwoiting will be slow to 
mature. Let me share two related thoughu with you, however, about the legislation and the 
implementation of the legitlatioo peitaiiiuig to network applications and t the Commioee's intent to 
phase the NREN into commercial operatioo* 

Fint, with respect to network applications, to speed the development of high speed networks. US 
Sprint recommends broadening the scope of the legislation u> include a variety of high speed 
networking applications, I have briefly described two wplications.not requiring supercomputers , that 
would serve pressing, eiisting needs. Pnroding funds tor applications research could stimulate many 
more ideas within the msearch community. Each these appucation ideas could support a new group 
of users, further extending the benefits of high speed networking to society. With applications as the 
driver, high speed networks will grow in scale and ubiquity throughout the country. 

My second point, and one that I think is a concern to the Committee as we pertains to the phase in 
to commercial operation, one of the objectives to realized by the network* Almough the bill includes 
language that the NREN be '^phased into commercial operation as commercial networks can meet to 
networking needs dT American researctien and edticaton/* there is no path given the current 
development of NSFNET - that geu us from here to there. 

In faa. the government is creating a private — a dedicated — telecommunications infrastructure 
that parallels the commercial, public networks operating in the U.S. today. Rather than duplicate 
commercial facilities with a govcnunent owned and operated teleconununications system, we suggest 
that the NREN be established through public network services — where the govemmcQU networking 
n:quu*ements are combined with the public's requirements in the development of commercial 
networks. Otherwise, u is not clear how we will ever "phase" from a dedicated U.S. government 
network to corrunercial networks. 

With a public network service, industry would develop, own, and operate the facilities to provide 
gigabit capability nd offer that croability as a service to the Government and other industry uses. In 
this envinmmcnu usen are not obugated to fiUl time, dedicated service, but are oriented to a preferred, 
bandwidth^-demand scenario. A public, high speed network service would be position much like 
today's public, long distance or virtual private networking services. Uieri only pay when they use 
the service. 

By evolving NREN as public network service, the government also takes advanugc of existing 
network platforms, US Sprint, for example, offcn a fully deployed, ubiquitous, network service. We 
fully integrate today 's tdeoofiununications requiremenu combing voice, dau and video services with 
a single network platform. US Sprint integrates the management, NREN can only duplicate public 
network features like »he»e at tremendous cost By leveraging the existing infrastruame of public 
networks, the government can realize the development of a more robust NREN, sooner, and at less 
cost. 

RECOMMENDATIONS 

In short, Mr. Chairman, US Sprint recommends that the High Performance Computing Act of 
1 99 1 address two issues. 

Fint, the bill should authorize the funding of academic research for applications requiring high 
speed network capacity in addition to connecting superoGmputera. As noted above, sophisticated 
medical imaging requires higher speed networks. Similar applications that require hij^ speed 
networking should be funded under this iniriaiive. US Sprint believe that fimding this type of research 
will slimtilate additional high speed network applications further justifying the dcvdcpmcnt of the 
network. 

Second, the Committee should ensure that the design of the NREN does not lead to a government 
owned and operated network. NREN should be developed to share the gigabit capacity of existing 
public networks and enjoy the advanuges that public network operaton bring to their commercials 
customers. NREN could well operate as a virtual private network on an existing public network, but 
it should not operate as a sperate network. 

Mr. Chairman, US Sprint sees the NREN develocnng more fully, more ccononucally, and more 
quickly if it were to be developed as a shared, or putdic network. 

We appreciate the opportunity to address the Committee, I will be happy to answer any quesuons 
that you may have. 

lhank you, Mr. Chairman 

Senator Gore* Thank you very much. Extremely valuable statement And 
may I say, in echoing the words of Dr. Bromley» that the real-life j)erspectives or 
reality checks, if you will, which we have gained from our dialogue with your 
company and others, have been invaiiiable in shaping this legislation. We really 
appreciate your statement here today as well 
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Next Dr David Nagel, vice president for advanced technology with Apple 
Computer. You arc invited to proceed at this time. Welcome. 

ST Al EMENT OF DAVID C. N AGEL, VICE PRESIDENT, 

Xdvanced technology, apple computer, inc. 

Dr NAGEL. Thank you, Mr. Chairman. I am appearing today not only on 
h^hnif of AOTle Comp also on the behalf of the other members of the 
Mierl^s^mi We are very appreciate of the oppoitumty to 

fa S tommiitee Jnk favorite topic of high-performance computing 

^^i^ihe fou"of 1989 the 11 largest computer systems companies in the U.S. 
fnr^M S« Cornoutex Sy^^^ Policy Piojat to address what we felt were some 
J SSis S oiff industry. It was a measure of the importance 

S^^^SSrS iST^^^^^^^^^ ^soiiation of the chief exauuves of our 
^mSLS- u2 CEoTare supported by the chief technologist for each company, 
Se S. aSd bya permaiSm professional staff in Washington 

our sm^ than a year ago with an miemal look at the health 
r \^S^trJ^ I^^ technologies that we believe are critical to our 

fS^canpe^^-J^ose^^^^ 

^""ffiy K^y m^»lJJ^!irur industry is sull the strongest in the world, 
our^ ap^ m l^dimtohing rapidly by almost all of the measures thai we 
eJLS'^Sn^Sa. fbr^ US*^ companies held an 83 percent sh^ m Uie 
exdiiuiicu. ui ' • „Ji«n, includinE software. Between 1983 ana 1989, 
*°'lT?A^^rStouSySorc than20perce^^ from 83 percent 
'!^>^^bf«r^T^<bt^^rM. Japan's s£e rose from 8 percent 
S 2??^rcmSoarSpean coUeSgues' share grew from 10 pcn:ent to 13 

troubUng. the computer systems indusoy went f™"» ^/i^'"';^''^ 
nnsidve cOTttibu&n to the U.S. trade balance aU thioughoui the 1980 a 
Sot i° l^Xre our imports almost exacUy balance our expom. White 
5i SuoofcomSuler expoS to impofts moved steadily downward over the 
to d;^?^vSn more'SamadcaUy increas^ it. expon-Hnp«t rauo from 
flhout 2 in 1980 to more than 6 at the end of the ivou s. 

While iescfi^^ are clearly troubling to us. the members of CSPP 
r^ro^^^ th^ Sc onmary burden for staying compcuuve in the globa^ 
Zr^SLx^^^LSy^ith our own industry. So we began with an mienial 
SS^fSaS^ W^ eSS our own investment levels and compeuuve posiuons 
SeTey Slogies which we think aie critical to success. We idenuM, fo 
cxinplc ^aSpre-competitive generic technologies, and concluded that 
U$ siu^<^thVl^^ half of these. And most of these are software 

^"Ti'Sio concluded that the U.S.. once leading the remainder, now lags the 
worid iSs^vcS S technologies, and is tosing a lead in the ^J^^-^ 
^Vof tfM«eand in contrast to the technologies for which we hold a lead, the 
S^nJ SSSotoSiS^iwsUy capital-intensive ones. Wc also believe Uiat. 

SfS^LiSSS S ow^^ in 1989. more than $18 biUion. is moic 
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the amount we spent in 1988, a period when many other industrial sectors were 
reducing their R&D spending. 

In contrast to the level of investment in private industry, the U.S. Government 
only invested about 2 percent of its R&D portfolio in generic technologies related 
to our industry. 

Taken as a whole, we conclude that the Federal R&D budget in computing is 
not today focused or managed in ways that are needed to preserve and enhance 
our economic competitiveness, given the rapid pace of innovation and the R&D 
practices of other countries. In short, we believe the Federal R&D has not been 
as helpful to the computer industry as it might be. 

Based on our analysis and this conclusion, we have outlined an initial set of 
technology policy recommendations. These provide a strategy, we believe, for 
better focusmg the Federal R&D investment in thes^ pre-competitive generic 
technologies, and will help us meet very stiff international competition. 

We believe that the Government and industry must work together, and jointly 
must lake the following first steps to improve the effectiveness of the spending 
in the U.S. First, we think that there should be an improvement in the mechanisms 
within OMB for reviewing the Federal R&D spending program. In many cases, 
these have become so complex, it is very difficult to actually figure out what is 
being spent. 

Number two, we need to increase the industry input, we believe, in setting 
Federal R&D priorities and to better manage the Federal R&D budget Number 
three, we think industry should work with the Federal labs and with Government 
agencies to improve, *o set Federal laboratory priorities and improve the return 
on the national investment made in these labs. 

And fourth, we look forward to working with the Government in implement- 
ing high-performance computing industries, including a national network 
capability of bringing the benefits of computing to every institution, household, 
business, and school in the Nation. 

We have created three CEO-level working groups to address our industry's 
participation in the Federal R&D priority setting. And we are looking here at 
structural and legal impediments of which there appear to be a variety. We are 
increasing the degree of interaction between industiy and the programs in the 
Federal labs. And finally, we are looking at ways in which we can better 
participate in implementing the high-performance computing and communica- 
tion initiatives. 

We fully support and recommend full funding for the national high-perfor- 
mance computing and communication programs, including a National Research 
and Education Network. We recognize and applaud the pioneering role tiiat this 
subcommittee and its chairman have played in recognizing the importance of die 
development of a national information infrastructure and an effective, high-per- 
formance computing program. 

We believe this effons are critical in providing the research infrasuiicture in 
maintaining our Nation's leadership in basic computer and information research. 
The CSPP believes that the high-performance computing and communication 
initiatives will be instrumental achievement of the national education in work 
force training goals. 

Now, much has been written and said about die benefits of high-speed 
networking at the institutional level, of higner education levels. While we agree 
with and support tiiese uses, high-speed netv. jrks will allow the rate of scientific 
and engineering progress a major grand challenge problems to accelerate sig- 
nificantly. 
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Bui we also believe the benefits of high-speed networking and high-perfor- 
man^ corS ulumately find their way beyond and 

ESome avSI to the rest of us. And I am echoing this, both what my 
rS^leajmes have alr^ said and what have been said by the senators. 

wffi Eotefly touch on some other benefits of what we beheve are a 
Jy ur^veiSl high-^id network, benefits that will eventually impact a much 

^""I'Sv^wfaSb^^i^g to see the prec^^ 

^Lms^Sy in ^Sce m the U.S. Apple Computer, for example in a pr^ect 
SApXciobal Educauon. or AGE. has made our own mtema^ s^^^-f^!^ 
Sonfc m^l sy^m available so that school children all over the world can 

'X"eS^ Day. 12 schools from around U^e world 

colSi)SSnd p^i^ed and produced local newspapers that featured environ- 
mSusues i^S^^^^^ network. On other networks, we have begun to see a 
S ScS applications develop. We have seen collaborauons between 
Sers nX prepa^^^^^^ of educational materials, We have seen collaboiBUon 
SwS^ stSte conducting scientific investigations. We have seen networks 
^loTsrnS in eteS^^^^^^^ high school to benefit from access and expens 
fn SS. Md we havi seen a'variety of on-line courses and mstnicuonal 
mai^JSs beSg prepared and disseminated electronicaUy every day . 

BSSi stSti Sd teachers have access to a widening range o mformauon. 
databi^s^d coZ^ resources. aU remote to their physica^ locauons. We 
SheirtheTarolicau^^^^ are springing up everywhere even though there are 
manv imSmbhts, because our educational system is discovering the value ot 
SecioSoi^nation delivery, even with the very slow speed networks avail- 

W^Uh^ihe arrival of data exchange capabUities like those that will be provided 
bv NR£N^Ipabilities that wiU allow graphics and images to be transmuted 
^Lt ih^if w^^^^^^^ see an explosion in new uses of high-speed network- 
?Jg ^d^Sirile^ which we thiTik will fundamentally transform the whole 

^TeSh"^^^^^^^ who are in remote, rural area^in some cases remote 
urbaS^^far ^m major libraries and universmes, will have access to 
^omfu^d exZ^ every bit the same as their counterparts in the most 
f^S s?S Physical separauon wUl no longer matter when on-line video 
SnSd other high-speed network supported appbcauons are available 

Se^ at^^^^ business will benefit from high-si«ed networking 
AoD^e for SLnple has greaUy benefited from our own internal elecuonic mail 
fv^stem as ha^ m^^^ oLr companies; in our case, an mformauon exchange 
s^s em (^le^ApTu Using Apple Link, individual contnbutors exchange 
deTaSd docuKts with one another, with their managers, and with the 
e7^uU?esonhe organization. From time to ume. they exchange insults wiUi 

^'"^S^r^fof ihe fundamental administrative activiues within Apple acti viues that 

werc S to gen^te large piles of paper, now are done ahnost entirely 

Son^y. m advanced technology group which I head uses a vid^ 

SereStt network to ue together our four separate physical labs m the US 

wShoSsjSitisclearwewouW 

and generate waste along a variety of dimensions. 
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Finally, Apple uses high-performance computing to great advantage both in 
the development of technology for products and in the development of products 
themselves* Over the past year, for example, we have used our Cray to develop 
advanced algorithms for data compression, high-performance graphics, and 
speech recognition, among other applications. 

Once we prove to our satisfaction that these algorithms work on our Cray, we 
can design special circuits, again using the Cray, which makes Cray levels 
performance for specialized applications available on our advanced personal 
computers at a tiny fraction of the cost of a supercomputer. 

So high*performance computing helps us both in the product sense and in the 
technology sense. 

In conclusion, we recognize that improving U.S. technology policy is a 
long-term process, cannot be addressed by any one organization, any single set 
of recommendations or any given piece of legislation. Improvement of U.S. 
technology is, nonetheless, an essential process that will require the cooperative 
R&D invesunents and partnership of both the private sector and the Government, 
We believe that improving U.S. technology requires a long-tom commitment 
and a series of changes by both industry and Govemn.v nt over time. Whether as 
independent CEO*s or as an industry, the members of CSPP are committed and 
will remain involved in this process. 

Thank you very much, 

[The statement follows:] 

STATEMENT OF DAVID C. NAGEU PH,D., VICE PRESIDENT, ADVANCED TECIINOLG Y. 
APPLE COMPUTER, INC.. ON BEHALF OF THE COMPUTER SYSTEMS POLICY 
PROJECT (CSPP) 

Apple Computer, Inc. tnd the other memben of the Computer Systems Policy Project (CSPP) 
arc very appreciative for the opportunity to tppear before this Subcommittee on the issue of high 
performance computing. As sevoml of us have said in previous appearances before this subcommiaee, 
the health of the U.S. computer industry is inextricably tied to the future health of the nation as a 
global economic power Although the U.S. has been for decades prteminent in both the development 
of the most advanced computer technology in the world and in trie capoirt of the largest share of the 
global computing systems market, that leadership is being steadily eroded by our global competiton. 

In puirly economic terms, the U.S. computer systems industry plays a vital role in the U.S. 
economy. In 1 989, for examj^e, our industry exported more than $22B m computer equipment alone, 
or more than 6% of tot&l U,S, exports that year our industry employs almost 6(X),(XX) woiken in the 
U.S. When we look beyoiKl the immediate economic piaure sind into the finure, few would argue 
with the belief that the health ci the computer systems iiKlustiy will serve as a bellwether to the overall 
health and leadership of the U.S. as a global economic and industrial power. It is difficiilt to think of 
significant techriicaf advances over the ptst two decades in any segment of the economy that have 
not relied on computer systems. The computer systems industry is dearly a building block for other 
industries. Computer systems products are necessary and critical components of virtually all modem 
manufacturing and service industries and development and operation of most of the sophisticated 
weapons systems in the U.S. anenaJ would be impossible without computer systems and electronic 
components. 

&i the fall of 1989, the eleven Urgest computer tyttans cotnpanies in the U.S. formed the Computer 
Systems Policy Project to address technology and trade policy from the computer systems industry 
perspective. As a reflection of the seriousness with which the industry views the future of computer 
technology in the U.S., the CSPP is an association ci the Chief Executives of Apple, He wlea-Packard, 
Compaq, Cray, IBM, Control Data, Digital Equipmem,NCR. SunMicm Tandem and Unisys. 
One of the major goals in forming ^e CSrP was to provide the industry and policy makers in 
Washington, D.C. the data and perspective necessary to the development of effective, long-range 
policies both in the development of technology and in the improvement of our trade position globally. 
Each of the member companies - including the CEO*s« Chief Technologista, and supporting staff - 
has made a sigriificant commitment to this projea over the past year and a half. 

CSPP began its study more than a year ago with an internal look at the health of our industry 
including: an assessment of the technologies that are critical to computer systems; an assessment of 
how the United States is doing with these technologies compared to cMir foreign competitors; and a 
prognosis for U.S. industry performance into the future. In summary, the results of this initial analysis 
were mixed. While the U.S. computer systems industry still today is the strongest in the world (both 
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in ..m,. of technoloav Iwdenhip and wcrtU mtikcl ihtre). our le*d is dinunishing rapidly by almost 
Si ul^^ieLi^cfxSSfS^ .ddiuon, leading indic««»n of fumre health provide UtUc cause for 

°^roM lis ctmoanieihdd a 83% ihare of the world ratikel of computer iy»temi(^^^^ 

softi:aKc^§p-i^^^^^^^ 

the U.a. wcniirooi " -f-nnetiicxi the Euiopcani and Japanese. More troubang. the 

supplying to the U.S. tr«le balance 

SSS^ Ss^^^^?^ almost exaojv h^ce our exports 

m^^^Vt^Z!M?S^\}.S ratio of export, to import, moved stcadifv downward over the 

Xh^^i^thLe fm(to« uoubling. thcmcmbcr. of CSPP recognize that the pnmaiy bmda, 

WhUethe«fmdu^s«^^^^ ^ ^ ^ begin 

?^S!lSmeiti^e^LKJ^^^^ 

SiSSSi. "rSS to »cJc^^^ highly competitive «id highly technical brines*. We idenufied 
wchnologieicnacw w ju*^^ ^ gignificant analysis by the 

^J^^SiS^w^swr archit^ human interface; visualization; operatmg systems; jo^^*"^ ^ . 
systems. P"^?™.^"X^ Seven of the eiaht technologies for which the U.S. has a lead 

gmeenng; •PP^""*"^'^,*?/^^^ ^TiiatthTu.!. lags the worid in several cnucal 

woridwideyesoftw^^^^ 

fJIIS^ and'SLium^caf; ^^^i^^'l^^Us'^SIl 

fitelSScs^a onrsoUd lead is diminishing. In contr«t to the technologies for which the L S. holds 

•^^rchlSffiS^^^^^ ^ P«*no.i.Jor ic^ienhipin th^e 

inc cmci ^ ' ^ t wilhoul DO«iuvc «cuan, ihc U.S. posmon will erode 

«R? tL comM^r SviSni induiiy soend. 21% of piivitt icaor l(4p. or "Ix!"! 10% of 1>« "i"' 
8B). 1 M """P"^ S Ml?' fH. il Tbt invenmenl of ihe MmpuMr indiatty in 1 989 ■ more lhan 

wruie we louna 8 jading has consumed a greater and greater share, increasing 

TrZThCri^lt^^^^ »987. It has rem'Sdned at about the level of two-thirds 

U.S Wui^l^e U ""STy? Fim. i?»«una.. in generic, p««mpen»«c «*nolog,e. such 
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ts clecuxmicf, mttcriils and infomifttioo icchiwiogici if impoRaiu because these arc the building 
blocks for advanocments in the computer induitiy. Our assesnnent of the existing Federal research 
eff on reveals that the federal RAD investment is contributing dis{HOportionateIy little to these generic, 
pre-competitive technology developments. The federal R&D budget ii not focused in ways needed 
to enhance and preserve our economic competitiveness given the rapid pace of innovation and the 
RAD practices by othet countries. 

We acknowledge that the degrees of success of the various European (ESPRIT, BRTTE, EURAM) 
and Japanese (5th Generation Computer Projea, Super-Sigma Project, an advanced tdecommunica- 
ticns research institute, etc.) research projecu are not necessarily direcdy related to the absolute 
amount of govenunent spending. Rather, we believe that the relative success of the Japanese projects 
(as reflected in the competitive position of Japanese indiutiy) illustrates the botefxu of close 
cooperation between the private and public secton and of well* managed* focused efforts for advanced 
technology projecU. Moreover* while in the past« defense RAD was a major source of technological 
advancement in the U«S. and the computer industiv in particular benefited from defense research 
dcrflars, we believe that today, because of heightened demand for improved commercial products and 
the accelerating pace of global competition, the private sector is tKiw the primary catalyst for 
innovation. 

We have concluded from these analyses that while the total amount of federal R&D spending is 
probably adequate, it needs to be managed more effectively if the U.S. computer industry is to be 
made able to compete in the techndogv areas essential to our future economic health. In short, we 
believe that federal R&D is not as helpful to the computer industry as it might be. 

Based on the data and on the strength of our analyses , CSPP has outlined an initial set of technology 
policy recommendations* We believe that these recommendations provide a strategy for better 
focusing the federal R&D investment in pre-competitive, generic techrK>logies and that will help the 
U.S. meet international competitive challenga irurreasing industry involvement in federal R&D 
priority setting. We believe that by woiking together, industry and government can improve the 
nation's return on the total R&D investment and can help to meet the international challenges to this 
country *s techndogical strength. 

RECOMMENDATIONS POR IMPROVEMHNT 

We believe thai the return on public and private investments in R&D can be improved by 
coordinating research priority setting and by allocating federal research dollan to more closely reflect 
the private sector's role in developing the general technologies that are key to the nation's economic 
growth. Increased investment in microelectronics, information technologies, and materials will 
provide a solid foundation for advancemenU not only in computer systems but also in aerospace, 
medical, energy, environmental and virtually every other area of research important to the future of 
otir society. 

The CSPP believes that government and industry jointly must ukc the following first steps to 
improve the effectiveness of R&D spending in the U.S.: 

Improve the mechanisms within 0MB for reviewing federal R&D spending; 

Increase industry inptit in setting federal R&D priorities to beuer rrumage the federal R&D 
budget; 

Work with industry to set federal laboratory priorities to improve the return on the national R&D 
investment; and 

Implement the High Performance Computing Initiative, iiKluding a national network capable of 
bringing the benefits of computing to every institution, household, and school in the nation. 

CSpP has esublished three CEO level working groups to develop specific pUns that wUl improve 
the economic return on the national R&D investment by: 

Improving the industry participation in the federal R&D priority setting and the federal R&D 
budget review process; 

Increasing the degree and effectiveness of interaction between industry and the federal 
laboratories; and 

By implement the High Pcrfonnance Computing and Communications Initiative. 

CSPP CEO's, chief technologists, and staff are actively working on development of plans that 
address these three issues. Once completed, we intend to make the results of Oiese investigauons 
available to policy rriaken, including memben of this Subcommittee. 

IMPROVING THB RAD BtJtKffiT RfiVlEW PROCESS 

CSPP believes that the Administration and Congress mtist develop a better sense of how its $76B 
investment is R&D is being spent To make the distribution of funds more undenundable, we urge 
the Congress and the Administradon to develop a comprehensive summary cf the federal R&D budget 
- budget crosscuts - including simmiaries of^ agency initiatives related to development of generic 
technologies. We are pleased that 0MB is provi£nf budget simtmaries in several key areas, including 
high performance computing, the subject of this bill, and is considering the development o( similar 
information for other important research areas such as materials. 

We believe that by providing indusuy perspectives, the effectiveness arid usefulness of these 
budget sununaries can be improved. Once such sununaries are available, straujigies can be more easily 
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(HPCX:) IniUative. we o^T^, "'^^^^ 
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Advisory Panel ts needed. We applaud as well the Section 5 provision requiring the Panel to provide 
the FCCSET with an independent assessment of whether the research and development funded under 
the High Performance Computing Plan is helping to maintain United Sutcs leadenhip in computing 
technology. 

In Section 6 of the bill. FCCSET is charged with development of the **goals. strategy, and 
priorities*' for an NREN, While we support this prevision as an important first step, we bcUcvc thai 
some auention should be given at the program progressei to issues which surround development of 
a true national information infrastructure. For example, agencies could be direaed to perform analyses 
that would identify impediments, regulatory or ocherwise. toward achievement of a tnie national 
information infnstiuaure and condua other studies or research that will lead to solutions to these 
tmoedimenu as experience is gairied in the development and operation of NREN. Again. C^PP would 
welcome the opportunity to contribute to such analvses and oinerwise suppon the achievement of the 
goals of the Hign Performance Computing Aa of i99L 



CSPP recognizes that improving U,S. techndogy policy is a long- term process that cannot be 



legislation. Improvement of U.S. technology is. nonetheless, an essential process that will require 
cooperaave R&D invesunents and the pannershipof the private sector and the government. Improving 
U.S. technology requires a long-tenm commitment and a series of changes by industry and government 
over time. Whether as independent CEO's or as an industry, the members of the CSPP arc committed 
to and will remain involved in this process. CSPP believes that the high performance computing and 
communication program will constitute an important comemone by improving the harvest of federal 
R&D investments in computing and other pre- competitive techndogies and by enhcncmg the 
competitiveness of the U.S. in the increasingly comp^utive global economy. 
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Senator Gore. Thank you, Dr. Nagel, and my thanks to the member com- 
panies of CSPP for the input they have provided throughout fiiis project And 
please convey my personal gratitude to John ScuUey for his personal support and 
encouragement of this legislation as it has gone along. 

Dr. Nagel. I will be happy to do just that Thank you. 

Senator Gore. I have many questions, as I know Senator Pressler docs. But 
we have one more witness, and it is one we have been looking forward to hearing. 
Dr. John Wold, executive director with the Lilly Research Lab at Eli Lilly. And 
you are accompanied. Dr. Wold, by Dr. Riaz Abdulla, head of supercomputer 
applications and molecular design at Lilly. Dr. Wold, please proceed. 

STATEMENT OF JOHN S. WOLD, EXECUTIVE DIRECTOR, LILLY 
RESEARCH LABORATORIES, ELI LILLY AND COMPANY; 
ACCOMPANIED BY RIAZ ABDULLA, MANAGER, 
HIGH-PERFORMANCE COMPUTING PROGRAM 

Dr. Wold. Thank you. Mr. Chairman. Eli Lilly and Company is a global 
corporation based in Indianapolis, Indiana, that applies advancement in science 
to basic human needs, health care, and nutrition. We compete in the pharmaceuti- 
cal, medical devices, diagnostic product, and animal health products industries. 

My responsibilities at Lilly include the company's high- performance com- 
puting program. And with me. as you just alluded to, is my colleague. Dr. Riaz 
AbduUa. who manages this program on a day-to-day basis, and is himself a 
practicing supercomputer user. 

I would be pleased to have this opportunity to present my company's views 
about the importance of a national commitment to high-performance computing 
and to a high-capacity network. I am sure that this subcommittee has heard — it 
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will hear much mote in ihe future — about the underlying technology required to 
support the evolution of supercomputers and high-capacity networks. 

It is important that you share computer technologists' excitement about their 
visions of supercomputing systems. But I think it is also important that you share 
the visions of a lesdtfch-based institution like ours which have motivated us lo 
invest in supercomputers. 

Long-term success in the research-based pharmaceutical industry depends on 
one factor innovation. We must discover and develop cost-effective new 
products that improve the quality of life and offer economic benefits to paiients, 
payors and society as a whole. 

Pharmaceutical R&D has traditionally been a high-risk, complex, time-con- 
suming, and costly enterprise. Over the past half-decade, the research-based 
pharmaceutical industry has experienced major changes. The rapid escalation of 
R&D costs ha:, helped precipitate major structural changes in the sector of the 
global economy in whrch the U.S. is an established leader. 

An unprecedenlcd wave of mergers, acquisitions, joint ventures, has !cd to 
fewer, larger competitors. Competition in the research-based pharniaceuiical 
industry will only become more challenging during the 1990's and beyond. 
Consequently, my company, Lilly, has evaluated many opportunities to reiriSforce 
its capacity to innovate, to enhance its capacity to compete. Supercomputing is 
a case in point 

Our supercomputing experience was initiated through our partnership with 
the National Center for Supercomputing Af^licaticxis at the University of 
Illinois, the NCSA. The NCSA ha? prepared a video segment that describes our 
involvement in their program. If we can run the videcj, I will conclude my remarks 
after the video. 

I Video shown.] 

Mr. Chairman, as you pointed out earlier, supercomputing has created a new 
common language for research. In recent years, scientists have developed math- 
ematical methods describing the realistic shape and motion of atoms in large 
molecules, such as receptors or enzymes that exist in die human body. These 
models are now emerging as important tools for scientists probing new inves- 
tigations into how potential drug candidates would likely affect these molecular 
targets 

These mathematical descriptions are based on equations involving bilhons of 
numbers. Conventional computers take days or weeks to perform these calcula- 
tions, but supercomputers can do this work in minutes or hours and permit 
previously impossibte calculations. 

Graphic representations of the data serve as a new communications medium, 
a new language for scientists. Teams of scientists can share the same visualbed 
image of how a specific chemical agent would likely affect the receptor m 
question. They can quickly evaluate the probable effects of modifications in a 
chemical. They can focus the painfully slow efforts required to synthesize and 
test new agents on those compounds that appear to have the greatest potential. 

Our experience to date suggests three interrelated advantages of high-perfor- 
mance computing to our industry. These systems will speed up the identificat :>n 
of promisins drug candidates. Supercomputing will enable our scientists to 
design new candidates that they otherwise would not have even considered. 

These systems will foster greater collaboration among scientists from various 
disciplines who are involved in pharmaceutical research and development. 
Supercomputer- generated graphic simulations help scientists with diverse 
academic training to rhare the same vision of crucial data. 
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And thirdly, these systems will encourage truly visionary exploraiion. Now, 
su^ crcomputers are motivating our scientists to ask ''what if* more boldly than 
ever before in helping them to quickly consider many possible answers to their 
questions* 

I want to stress that supercomputing is only a tooL But it is a very powerful 
scientiflc tool, a tool that will become all the moie powerful with networking 
capabilities. A high* capacity network will greatly facilitate the dynamic col* 
laboration among scientists at different locations and often different institutions. 
The network will help us optimize scarce scientific talent during a period when 
we are almost certain to experience major shortfalls in availability of highly 
trained scientists. 

Finally, a high-capacity network will help scientists raise questions thai ihey 
could never senously ask before. In conclusion, I want to stress two points. We 
believe that supercomputers in a mdional, high-capacity network are imponant 
to our company, to our indtistry, and to the medical professional^ and patients 
we serve. And we believe that high-performance competing will play a crucial 
role in the many technology-basied industries and in the growth of national 
economies that depend on these industries. 

We strongly recommend the enactment of the High Performance Compiling 
Act of 1991 and thank you for this opportunity to share our thoughts with the 
committee. 

[The siatement follows:] 

SI ATEMENT OF JOHN S. WOLD, PH.D., EXECUTIVE DIRECTOR, ULLY RESEARCH 
LABORATORIES, EU ULLY AND COMPANY 

I am John S. Wold, an cxecmive director of Lilly Research Labonaorics, ihe research -and - 
development division of Eli Lilly and Company. Lilly is a f}obal corporation* based in Indianapolis, 
Indiana, that tpplie* advances in the life sciences, ekctronici, and materials sciences to basic human 
needs — health care and outiition. We compete in the pharmaceutical^ medical-devices, diagnostic- 
producu, and animal-heahb-producu industries. 

My resmosilnlities at Lilly include the company's superco mp uting program. With me is my 
colleague. Dr. RiAZ Abdulla — whom you just uw on videotape. Kiaz manages this program on a 
day-to-day basis* Vm indetd pleased to have this oppoituniry to present my company's views about 
the impoitancc of a national commitment to supenxmputing and to a stjpcrcomputing network, 

Vm suit that this Mibcommittee has heam — and will hear much more — about the underlying 
technology required to suppoit the evolution of superoompoteis and supercomputing networks, It*s 
impcitant« I believe, that you share computtng technologists* excitement about thdr visions of 
supercomputing systems, algohthms, and netwoifcs. BiA I believe it is just as important for you to 
share the visions that molivite lescarchnmented institutioiii, like Lilly, to invest in supercompuien 
and to encourage their acienttsis and engineers to use these systems. It's important for you to hear 
supercomputer users suppoit S. 272. 

Today, 1*11 try to articulate two levels of aspiratioas we at Lilly have for our supercomputing 
prx^ram: Hut, we beheve that Lilly scientists will use these powerful new research tools to address 
fundamental leseaiuh questions* Answen to these <|uestians will help us develop more -selective, 
mort-spedfic fbiigs wim greater efficacy and fewer nde effects. These new medicines will represent 
important new ^nxiucts for our company and support high quatity, cost-effective health care for tens 
of millions of p opie. Second, we believe that LUly sdcntisU will use these powerful new research 
tools 10 expuMi iiie range cf fundamental questions they can eipioie. They may even use these systems 
to devise etttirely new ways of conduoing rer earch programs that probe the suggering complexity 
of the human body. 

In fact, supercomputing rqnesenu a revolution, a new wave, a ^'paradigm shift" in the develop- 
ment of modem technology. In die yean ahead, sdendi^ts at Lilly and at other institutions will use 
this exiiiofdinary research tool to do things that we simply amot anticipate today. For instance, it*s 
unlikely chat psooeers ot m^^^*'"' Lology foresaw the appbcaiions cS recombinant DN A technology 
that have unKUed in the p^ 1 5 yean or so. 

Let*s move, bowtver, from the general to the specific Fd like to discuss supercomputing in the 
context cf one OQnapaiy*s dediion miking* 

The mveatmeiit by UOy »d Ccmpcny of milliona of ddlan in supercomputing systems and 
training wu a very basic bnasneu deciskm. We bdieve that this technology will help us effectively 
pursue dsr company s mission snd meet its foais in an ever-Aoie challenging environment* Today, 
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I'U foois on our phtttn-xuud bu«««. Bui mtny of the foUowmR poinU are also relevant to our 

oihCT businessei. -«-rch-bMcd ohannaceimcal indusiry depends on one facior: innova- 

Umg-teim ^^^^^ ^ address ^uSu' unmet needs. We must 

uon. We cconSiuc bencfiu to patienu. payors. 

^TcSe" u'^tar^'^.fiJ^^ -ust maricet innovative new product, before our 

-pounds to 

begm developmtnj^c^o^^ H«ry Grabowski. of Duke 

^5.^ c^2jJToh2SScal R&D? Consider just some of the hurdle. mvolv,^m the 
How complex " P^^J^™"^^ rxodua thil oitcn the development process: We must 
evaluauon of K^S^^S^SKTud 7.^^^ efficacy>e m!.si manage global 
cc«»plett scores ojU^^ ^ I or more counlr.es. 

clinical tesu of «*»^5^.™~'^^ that best deUver the active ingredients to pauenis. 

We niuit^xmuUie Wfo^ m^ufaSuring processes for 

We ^^''i'^^^^^J^^'^'^SS^^^^c*. We must prepare mouniaint of research 
compoundiithat are "f*™rj^*3^S^ countries around the woSd. For ins lance, one of our 
i'Sn'r.rhSST^S'^ -volved 900.000 pages of dau 

assembled in '^JJ SSlT^^^ R&D progi«ns? Let's go step by step. It usuaUy lakes 

"7 ^^i'l^SS'a SS^^SSi progSiW^ di scientists begin to identify DromismR 
scverel yean to «»^*»"» bT«3*7uj to con ia aU the tests required to evaluate each 

^r^^XVil'^^r^^^^^^ .uthoniier^o c^isider a new d.g 

if/ "^(^^Ja^J^^^cx. Although we intiwluce/Pn>z.clo the U.S. medical 
pauenls suffering from a«J«xdqj^^^^^ ^ ^^^^ be m the 

SSKlZn'SieTr^^^ 

more to yield new produdi. . . nroarams? Ust year, a Tufts Univcnity group 

How cosUy are these JTjJ.^Jnf a^«^ piodua during ihc 1980s 

estimated that ihc discoveiy "^5^;^*??^"^ /^IJ^'fi^oPS^ ^ 

required an -^^l-^^^-^i'S^'^^ hkUcuIous safety tesung of drug 

That number " S trials of the Ully oral antibiotic Ccclor« 

candidaurs mhun-mjnlhrm^^ ^ oral-anbbiodc canlid.te Lorabid® 

rc^l!^O.SS;Sc^cSHriala^^ 

''^J^Sh^rJiS^SJl^'S^ each of our current dmg candidates. 

can climb weUintomjefigo^^ 

^ Tl^ tZ^^Si^^^^^c^d^'^^^- Historically. no smgle company ha, 
IT u*^ .^n ^TiiSfSs B"«l »0 lop-rankmg companies 

held more than 5 V^^^^^J^^^^^^^^^ industries. Hiese companies are based m France, 
are very ughUy in the Unil«Sst.tes. 

Germany. Wueri-nJ.-^ „^oth technology -based 

I would like to th« ^l^v^^YHotditU Hoffman- U Roche. Imperial acmical 
f°r""^""* l^t^^^^f?^^^^^^ »"f** technical re,oui«s. Their 
Indusmes. and S-^^^^^*^^^ portions of the^ total sales. By contrast. U.S. 

positive contribution. «^ "^^^^-SSSnS^A^^ 
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Uniied Sutei is an eiuUisbcd leader. An impreGcdcnied wave of mergcm, acquisitions, and joint 
ventures has led to fewer, larger ooropctitors. In several cases, fofdgn companies have assumed 
control of U.S. firms. ^ 

Gxnpetition in the rcsearch-baied phannaoeixical indusuy will only become more challcngrng 
during the 1990s and beyond. Consequently, Lilly has evaluated many opportunities to reinlotcc iu 
canaaty to innovate— to fdnfoice iu capacity to conpete, Sopeicomputing is a case in point: We 
believe thai these powerful systems will help our sdentiiu pursue innovation We believe that these 
systems will help us compete* 

Now, let*s move from business to sdeooe. Sdcntisu have kmg been fnistrmted in their effons to 
address the fundamental auestions of pharmaceoticd R&D. Only recently have we been able to begin 
probmg these questions. We^ve begun to mobe thei^ not through experimentation but through the 
compuutional science of molecular modeling, IVomineiit among these sdemific priorities are the 
following: The quantiutive repmenuticii of mtemctioiis between drag candidates and drag Urgets, 
especially reoepton and enzymes. The process by which proteins— huge molecules that are fun- 
damental to life— are **folded** into distina configuntions througb natural biological processes. The 
propetties that enable catalysu to facilitate essential chemicml reactions required to produce phar- 
maceutical products* 

Today. Vd like to discuss the first of these challenges. TU concentrate cn the interaction of drag 
candidates with receptors. 

As you know, normal biological processes — the beating of the heart, the clotting of blood, the 
processing of information by the bram— involve complex biochemical chain reactions, someiines 
referred to as "^cascades/* 

Let me give you an example. During these chain reactions, tuaural substances in the body cause 
certain substances in the body to produce other molecules, which, in mm. cause eiiher the next 
biochemical step in the cascade or a specific response by an organ or tissue— a movement, a thought, 
the secretion of a hormone. 

Over the yean, scientisU have found that disease often occurs when there is either too much or 
loo little of a key molecule in one of these biological cascades. As a resuh, research groups are studying 
these chain reactions, which are fundamental to life itself. 

The natural subsunces involved in these processes link with, or bind to. Urge molecules, called 
receptors, which are located on the surfaces ^ cells. We often use this aiudogy: a natural substance 
fits uito a receptor, much like a key fiu into a lock. Many scientisu at Lilly— at all research-based 
pharmaceutical companies— are focusing tbeir studies on reorotors involved in a host of diseases, 
ranging from depression and anxiety to bean attack and stroke, llieirgoal is to better understand these 
locks and then to design and to synthesize chemical keys that fit into them. 

In some cases, we want to design chemical agenu that acbvmte the receptor and stimulate a 
biochemical event Compounds called agoniit serve as keys that open the locks. In other cases, we 
warn to synthesize chemical agenu that block the receptor and stop a namral substance from bmding 
to the receptor. These compounds, called anugonists, prevent the biological lodes from working. 

Unfortunately, this drag-design process is fraught with proUems Most importantly, receptors arc 
not typical locks. They are complex proteins composed of thousandi of atoms. Moreover, ihcy arc in 
constant, high-speed motion within the body's namni aqueous environmoit 

This brings us to one of the most promising apfilications df supcrcomputing technology. Mathe- 
maticians can formulate eouations that describe virtually anything we experience or imaguie: the 
soft-drink can on your desk or the motion of the liqtiid in that can as you gently swiri it dunng a 
telephone conversation. Each can be expressed in numben* 

Of course, those examples are relatively simple. But scientists can also develop equations that 
describe the remarkable complexity of meteovok^cal phenomonena... geological formations., and 
key molecules involved in the body's natural processes. In recent years, they have developed 
mathematical models descritnng the lealiitic motion — the bending, roution, and vibration— of 
chemical bonds in large molecules, such u recepton. These models are emerging as important tools 
for scientists probing bow potential drag candidttes would likely affea the target receptors. 

These mathemaucal descriptions are based on equations involving biUioru of numben Conven- 
tional computen take days, weeks, or even longer to perform related calculations. But supercomputers 
do this work in fraoions of a second. A second computer then translates the resulu into graphic 
represenutions on a terminal screen. 

These graphic represenutions can serve as a new communicaUoDS medium— and new "lan- 
guage" — for scientisu. Teams of sdcntisu can share the same visualized image of how : specific 
chemical agent would likely affea the receptor in question* They can quickly evaluate the probable 
effects of modifications in the chemical They can generate entirely new ideas— and analyze them. 
They can focus the painfully slow efforts required to synthesize and test compounds on those agenu 
that appear to have genuine potential 

Siroercomputers enable scientisu to see what no one else has seen. Historically, technical 
breaklhroughs that have dnmatically expanded the range of human perception—from early telescopes 
and microscopes to modem cyclotrons and electron microscopes — have enabled the research com- 
miwuty to make landmark discoveries, develop revolutionary inventions, and pioneer new academic 
disciplines. We have every reason to believe that supcrcomputing can do the same. 
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Now let's return to the UUy experience. Several ye«n ago. the intereit in supcrcomputing began 
to ai^^iimT^T^ Ulwraiiiie.. We conridensd » number of way, to ^v.lute thu rese^jrch 
IL^^^^™«iv tunercoaiDuten don't do ■nything by themielve*. Tliey would only be relevini to 
SJ^^^rSd ZJSu Sy^«i»t. Sy^ cmtuvely emb««d Aem. We h.d to ,ee 
XS^r ^V^oiiifu. cheS.. «id ph«nu«fogi.u could reaUy -PP^y 

SS^SSI toion. nSv of our fciemiiu were indeed mtei«ted m leaning how to use 
sunercomouten Many of them quiddy began to apply the systeins to tharw^^^^ . „ , 
^^S\mS^tuv^V^l pSsi«n took a great step forward with the mstaUanon of a 
Cray 25.Z^ i^tS^ at SS3^ in Indi-iapolis. Ully sd«itiii. are using the syston 

at7f.r grtiS San we expeoed. In the me«ttiiDe. we've m«nuined our reUuonshxp with U^e 
NCS A to^rTmaximuin su^rtfbr our pn)gr«n and to keep abreast of new dcvelopmaits m the 

Our cxoerience to date lugyeiti three interreUted advantages of supcrcompuling thai we believe 
will mLcc^re?(m more oSpetitive in the years ahead. Wi bcUeve these systems will speed up 
^i^^^m oTv^S^ioT^ ^} «"ble lAy .aemuu to design 

new dS^TcSates^StSey othiwise would not have even considered. Supercompuung may weU 
curdavs w^s evoTmonths fiom the overall piocess required to identify novel compounds. We 
SeJrthMTrJiSns wUl fo«er grea? colUborwioo among scientists from vanous disciphnes who 
^ myS^iSS^*ccmc»i PAD. Producuve reiewch in our indusuy mcieasingly depends on 
^Jork siXSS~ier-gene«t«^ graphic simulation, help .aenusu with divene academic 
Sg to shS^Sne Jision of cSSd data. Ag«n, these visual unages become a common 
UnffuMBc for scientisu with different academic traiiung. 

ffiJoJLr w!»mputing wm "^search efforts more spontaneous. 

eneS^"' "tSIrE the ^ our resewch was a step-by-stq, process in whi^ long penod, often 
Si forulatio.. of ideal fmm experiment, required to test those ideas. But supercompuimg 
hST^s of scientisu integrate their ideas and teft. mlo a dynamic mteracuve pnxesv These 
sysSm^dh^i the commuSc«ioo. crv^alivity. and decision making that are oiUcal to producuve 
R&D tiolnun. We beUeve theae system, will encourage truly visionary explorauon. A spint of 
^ette^SSdiy drivM scientific piigre... In the p«t, however, scienuiu were unable to u^st many 
^SiSa. Sc U,^ didn't h.vV«!fficient computing pov. :r. Now . supercompuu^n are motivai- 
ui7«ir^cnSl to «k --what if?" more boldly than ever before-and to help them quickly consider 

"Tre'S'tS^^^ ''^^ super^puting. As you 

know gS^SSu^aLon^ the most independent people m «iy soaety. TTiey 

^^Vf Rut thevdemand empincal dau to support the theories. In six months. I've seen some preu, 

S ^dL^'.JS^J^^?S.kepdcS^^ for these systems. Moj«>ve^ 

S^ScS? sec Sat many of the very brightest young Ph.D.s coming out of graduate school are very 

Si^SLTb^itthistiihnology.SursSt^^ 

I want to stress that supercomputing ij only one of a number of powerful new technol(^ies that 
researTbased pharmaceuUcal companic. are applying to their drug-discovery progrmi.. But u s a 
r/iTwwViSSS^toS-a tSnSt wUTb^e «U the more powerfu^ with networiong 
^Sbihties A sSc^puter networit will greatly faciliuu. the dynamic coUaboration among 
JjSiS a d^^SSmW^ dif ferent Wutions. Lilly scientists are working with research 
Tr^m 2 iSSe. and high technology oompanie. around the world. A nauonal supercomputer 
Sk w3?S»ay enh«n« the effe2C«e.. of jomt effort, with our coUeague. at the Umversily 
ofSaSor Uie Univeniiy of WaAington at Seattle, for example. A supercomputer network will 
Mais oSSSe .cieniific talent dSing a period when we're almost certam tc expenence major 
ffllSinAe avulability of Ph.D.-level scienlirt.. I would go so far as to suggest that he 
v?I^2^jiiM amabiiilie. of nipercomputing may actually help atuact more of the best and the 
Z^^iZ SnS^s-uSJtti^whJn keV industries in the U.S. economy desperately need 
fS°TS W that a supeic«nput»>8 network will help sci«iusu ask 

auSa«iTU«c iJ^^^^^ couldnevcr seriously pursue before. Tens of thousands of (xir best 

w3l S^d^iiicarioS, for this technology thai will totally outstrip -ly P^'c"<>J» ^ 
vJJire tolay SujScomputiM represenu a revohition... a new wave... a paradigm shift in the 

'''!irSu?^1'wJ?ttS two poinu. We believe that supert^rnputen and a nauonal 
suocWSSTictwork are important to^ company, to our industry, and to the medical profes 
"^r3S5»u we^serve. SHdieve that supereomputmg will play a oucia^ role in many 
SSo^-based indu«rie. and in the growth of naUonal economies that depend on these mdustnes. 
Agtin« wc iuongly recommend the cnictmcnl of S. Z72. 
Thank you. 



87 



84 



Senator Gore. Thank you very much. 

Senator Prcssler will have to depart for aiiother committee hearing, and I want 
to recognize him first. 

Senator PRESSLER. Thank you very much, Mr. Chairman. I just want to ask 
one question of the panel, if I may. And that is. is the current fiber-optic 
infrastructure sufficient to handle sup^omputer network envisaged in S. 272 or 
envisaged in the administration's proposal? 

I do not think it is. But the question is how do we get the fiber-optic 
infrastructure? How do we accomplish that? Some people say we let the 
telephone companies, the regional telephone companies mto cable TV, and they 
will do it, so they say. Othos say we require the cable TV companies to start 
laying fiber optics rather than copper. 

And I guess a second question to that, and might be addressed to Mr. Gray, is 
what type of user or consumer demand needs to occur before private companies 
like yours will begin to connect homes and small businesses with fiber optics lo 
the supercomputer network? 

So, in other words, the underlying quesnon, and some of you want to think 
about it a little bit more, but I think that is a basic question. I am working on that 
in the communications subcommittee and some other legislation that is related 
to this. How do we gel the fiber-optic infrastructure to support this? 

Mr. Gray. I will try a first shot at some of that It certainly will not be all 
inclusive. But certainly we as a carri»-, as well as our competitors, the more 
evident it becomes to us and the greater the probability there is for applications 
of the type that we are talking about here, and a large user base to be established. 

And frankly, that is what I see this initiative really precipitating. It becomes 
a coalescing force to bring those things together. We as individual members of 
the industry cannot bring all that together, we cannot get the computer indusU7, 
the users, academia. we cannot pull them together. 

What you are proposing here does begin to coalesce those forces and bring 
some focus, and at least provide some, some perspective on our part that this 
could happei?, as a private industry. Therefore it gives us the incentive to divert 
and to reorganize priorities to shift our invesunent toward these kind of 
capabilities. 

And within the iiHlustry, we have worked with the exchange carriers; we are 
very dependent on them to extending the capabilities of our network to their users . 
And more and more competitive forces are at work there, because wc do have 
optic.is other than the exchange carriers to get to our customers. 

So there are fairly powerful marketing influences that can drive this, providing 
there is a, the infrastructure provided by the Government to fund and seed some 
of this, and provide the stimuli to make those things happen. 

Dr. Nagel. It may well be that the. that the political regulatory and problems 
of that category far outweigh the difficulties of getting the technical infrasuiicture 
in place. I think even from the limited look we have taken at this so far, the 
technical problems are very minimal relative to the problems that we have just 
talked about, getting people together to work on something like this. 

Dr. Abdulla. Senator Prcssler, as a user, I would like to very directly state 
that the ani»wer to your fu^t question is no, the existing infrastructure is not 
sufficient And what the proposals that we have heard today really tell us about 
is a paradigm shift. 

You are talking about the difference between a teleprinter and a telephone. It 
is going to completely change the way we do things. 

Senator PRESSLER. I think we have got a big job to get that fiber-optic 
infrastructure built somehow. It is like wiring the Nation, and we have io find a 
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way to do it The big telephone companies say they ^ do it. but they will only 
do It if we let them get in the cable TV business, stuff hke that 

We ^ve to find a way. and then we have to find a way that everybody has 
access to it is kind of like a gas pipeline; people wiU have a nght to have 
access to that fiber-optics cable somehow. And if one company contio s it or 
ISSJe doS not 1^ otfier people use iu the whol^it is a very drfficult 

^S^fihScVrcomputing thing is great. But I see ffs fiber-optic 
inf^tmcnue tSng as a very great problem we have to solve. And I do not really 
KSKSn am woSdTg on some legislation that I hope wiU sd^^^^^^ 
of it But any of you. if you think of any great ideas as you nde the train home. 

^"sJmiot Gore If I could supplemem this for the record, let me just offer my 
2 cenS^ worth on this. I have supported the entry of telephone companies into 
UiTcSjle television business, but that is an extremely controversial proposal 

"'Mieve S^^^ included in this legislation ^1 result in the 

unleashing of forces which wiU inevitably lead to the winng of the Nauon In 
Sc?me fiber-optic capacity which is already in place is adequate for the long 
UnS ^ovidedwc make available the new switches, the new softw^, 
S^new^^th^. which WiU upgrade the capacity of the existmg fibers 
^tfioutJ^uSSTuic plicemcm of new fibers in the ground or on the poles 

LeavinS aside the Software, switches, and algorithms, the madequacy of the 
tlbe^twSrkitselfismainlyinwhatiscalledthel^^^ 

stBdo^f to tfie home. It is for that reason that I have supported the entry of the 

"^"uTaSl^TXt does not happen in the near.term. I telieve very 
deeply that once the backbone network is in place, we will wimess the emergence 
ofa new generation of information services, a new generauon of ways to 
?onfiSire informaUon to make it understandable to p«)ple, that we will unleash 
enormous demand for access to that backbone network. . 

Xr^will^a new set of financial incenuves to encourage people to provide 
that S nSe ^ere wiU also be the ongoing efforts of ANS, ju.st to name one. 
llJSSch i^Tnoi-for-p^^^^ corporation, one of several that wiU be acuve m rapidly 
exoandinji the reach of the backbone network. . 

interstate highway system led to initiatives by States and ciues and 
even private turnpike authorities to connect to the interstate highway system wiUi 
Sew four-lane limited-access roads that were not part of the federal system, as 
U wis Sy designed So this backbone network wUl quicWy. m some ca^s 
eveSuluneouslP. lead to the completion of access links, which wiU themsel- 

'TuraH^riS'^d S'pUlaries are related on down. I think .here wiU be a 
erowing network, a growing network, with Unes going tomore and more people 
^mit we have now is a chicken-and-egg problem. The market place is not 
perceiving the demand for these new information services because the network 
iTnot there to deliver then^. TTie market is not perceiving the demand for the 
network to deliver them because the new services are not yet there. Once that 
ch dcen-and-egg conundrum is overcome, then we wdl have a new system of 
supply and we wiU be in a new reaUty. TTie demand for these new services. 
thirSc will drive the forces that will encourage the market to complete the nauonal 
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Now, I believe that is a realistic visioa But just in case, I also suppoit the 
entry of telcos into CATV, and I will look forward to woridng op. any other 
proposals that people have to address that 

Dr. Langenberg. Mr. Chairman, I might be able to provide some suppoit for 
that view on a relatively small scale. There is a generic type of community that 
tends to run from 20,000, perhaps to 40,000 population, that contains an unusual- 
ly high proportion of serious users of computing facilities. It is called a university. 

And one after another over the past decade or so. I have watched universities 
all across the country, provide fiber-optic backbones for themselves. There is a 
very complex kind of drive for that effort, but it is partly demand, it is partly 
based on leadership of university officials who can see the future coming and 
who want to be ptepsatd to hock into it, once it is here, as a part of maintaming 
that institution's competitive edge. And it is partly push, partly pull, but it does 
work. 

Senator GoR£. To use another example, the state of Tennessee Public Service 
Commission has already embarked on a very ambitious plan to provide high-per- 
formance networking to virtually the entire State in anticipation of the comple- 
tion of the backbone network. 

I know that there ar^ some other states that are doing the same thing. So I think 
that it will happen, on;:e the network is there. 

But let me say that we have a report on supercomputing in industry wh::h the 
subcommittee requested from the U.S. General Accounting Office. We will 
include this for the n'xx>rd. 

We also have statements for the record from the American Library Associa- 
tion, the Compute: Research Association, the Association of Research Libraries, 
and other associations that have also provided statements for the record and they 
will be included. 

In general, these statements are extremely supportive of the legislation. 

Just to pick up where I left off in my last comments. Dr. Nagel, you talked 
about making this available to the rest of us, beyond the instituuons. I was 
thinking of the supply and demand forces that will be unleashed when I heard 
your statement liiere, and I wanted to refer back to that. 

Dr. Kalos, I enjoyed the videos that you showed there. How many industrial 
partners use the Cornell facility? 

Dr. Kalos. We have about 15 industrial partners. 

Senator Gore. Are they concentrated in a few industries? 

Dr. Kalos. No. they span many indusuies. I should also mention that our 
major industrial partner is IBM, which is a well-known manufacturer of com- 
puters of all kinds. 

Senator Gore. I have heard of them. 

Dr. Kalos, And when IBM decided to reenter the high- performance com- 
puting arena, they did it in partnership with Cornell University. We have been 
pioneers with IBM in conceiving, testing, shaking down certain aspects of theix 
supercomputing. and especially their parallel computing effort. That is a partner- 
ship that will continue as IBM enters the highly parallel computing arena 

Senator Gore. Now, I understand that Cornell runs a program called Super- 
quest to give high school students access t? *"jpercomputers. How does that 
work? 

Dr. Kalos. Well, we nin a national competition; we announce to schools 
around the Nation that this program is available. Teams at high schools submit 
ideas for scientific investigation that requires supercomputing for its accomplish- 
ment The proposals are evaluated by a group of independent reviewers, and the 
winners come to Cornell. Their prize is 3 weeks in Ithaca where they are provided 
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with pizza, Softball, and access to high-performance computing, among other 
essential parts of life. 

The winners arc chosen on the basis of the merit and creativity of the research. 
Some have made videos. I myself had the privilege of introducing the two 
winners in Gainesville, Florida, and each gave a talk about research thai 1 found 
interesting and original. 

One had to do with surgical treatment for strabismus, crossed eyes. And I 
thought it was quite original. And another, in fact, was research in my own area, 
which is stochastic simulation. I found that extremely interesting. So I was a little 
overwhelmed by the quality of these students. And this program continues, and 
in fact is being tnx)adened this year with the participation of other state and 
national centers. 

Senator Gore. Am I wrong that relatively few U.S. companies seem to be 
using supercomputers compared to what the potential would appear to be? 
Dr. Kalos. Compared to the potential, yes, I think that is absolutely correct. 
Senator Gore. Why is that? 

Dr. Kalos. Well, I think that there are a number of issues; perhaps our 
colleagues from Lilly could speak better to this. I think first of all, the role of 
computational modeUng in science is a relatively new development The recog- 
nition by scientists is complementary to what they have learned 

Senator Gore. Inductive and d^uctive reasoning. 

Dr. Kalos. Exactly so. The idea that this is another way of doing science that 
sheds valuable information, it is a way of connecting to the knowledge they 
already have. This is relatively new. In addition, of course, new techniques have 
to be learned. 

First of all, the basic techniques of mathematical representation of the 
problems at hand, the translation of that into correct and efficient computer 
algorithms, the realization and testing on computers of all kinds, and the realiza- 
tion and testing especially on supercomputers. 

So these are a number of new challenges that scientists face everywhere, and 
I think that, as the applications grow throughout the country, as our young 
scientists are trained in computational science almost as a matter of course, that 
industry will very naturally take this up. 

Senator GORE. Dr. Wold. 

Dr. Wold. I can say That, certainly in our case, our entry into supercomputing 
would have been clearly impossible without the national center at the University 
of Illinois. That was our introduction. We felt it was quite a leap of faith to get 
involved even to that level; we had not even considered at that lime purchasi:ig 
our own supercomputer. 

Our usage of supercomputing time at the national center, as well as our own 
usage after we fuudly got our supercomputer, has, in every case, exceeded our 
expectations; in fact, it exceeded our abuity to plan for it. 

So once the tool was there, the utilization just increased dramatically. The key 
is to get that first opportunity into any researcher's hands to see what can be done. 

Senator Gore. Do you work with Larry Smart at Champaign- Urbana? 

Dr. Wold. We certainly do, yes. 

Senat(»' GORE. Now, geographically, you are about, what, 50 to 100 miles 
from there? 

Dr. Wold. It is about 120 miles, yes. 

Senator Gore. 120 miles. Do you have to go to his center still? Or do you 
have a link? 

Dr. Wold. We do have a link. But perhaps I could have Dr. AbduUa address 
that, since he drove that 120 miles many times. 
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Dr. Abdulla. Senator Gore, we have, and continue to have an important 
program at the National Center for Supercomputing Applications. When we 
started off, obviously our people had to go to the center where they learned all 
of the different kinds of technologies that Larry Smart had over there. There was 
a tremendous commitment to new hardware, to work stations, to networks, to 
software, and to new algorithms. 

We have educational pro-ams that are ongoing, even to this day. We call 
them FOCUS. So we expose, in very tight-knit workshops, our staff to the latest 
in supercomputing techinology. Our staff goes through training sessions, and 
returns to an environment wtuch is very similar ic the NCSA. 

And if you remember Jack Warlton's talk in Washington, DC, when he talked 
about the stages of change, one of the things he said was that until somebody 
establishes a gatepost, there is not going to be any diffusion. 

So we are at that state now; we have established gate posts. And people are 
saying, "if it wwks for one scientist, let us try it with our problem." And then 
the method diffuses, until fmally you bring about a complete revolution in the 
way you do things. So it is a process. 

Senator Gore. In parallel. 

Dr. Abdulla. Yes. It is a process rather than an event. And it is happening 
because of all of these infrastrucoire- related items that we talked about. 

Senator Gore. Am I wrong that Japanese companies seem to be relatively 
more willing to explore the potential of supercomputing? 

Dr. Nagel. Well, I was going to comment I think — and I do not necessarily 
have the data to support this assertion — but I think that what, one of the things 
that you will fmd is that the use of high-performance computing in indusU7 is 
jointly, is really a function of how competitive the industry is, or how competitive 
the people in the industry are. 

And one of the things that we know about the Japanese is that they are very, 
very competitive, and effectively so. So I think even in the U.S., you will fmd 
those indusuies which are the most competitive, and are, you know, frantically 
searching for ways of getting a sustainable competitive advantage, will be using 
advanced techniques like supercomputers and high-performance computing 
networks and so forth, because they will give that advantage and they will, you 
know, make that initial threshold jump to get over the diffic . es. 

Senator Gore. I thir»k the testimony of a witness from Cray last year indicated 
that one-third of U.S. supercomputers are in industry; two-thirds of Japanese 
supercomputers are in industry. That doe^ not clash with the impressions that you 
all have, does it? All right. 

Mr. Gray. Mr. Chairman, could I elaborate on that point just for a moment? 

Senator Gore. Please. 

Mr. Gray. We happen to be well aware, through all of our international 
negotiations and dealings, that your Japanese have got very ambitious programs 
for upgrading their networks for deploying fiber in a very ubiquitous fashion. 

They are currently purchasing advanced technological switching capability 
that would suppcm multi-gigabit networks and this kind of thing, and have every 
evidence they will be deploying this technology and is capable of, within the next 
2 to 3 years. 

Senator Gore. Well, there is no question about that We have by most 
estimates about an 18-month lead over the Japanese in network technology. But 
if we choose not to exploit it, we will lose it in about 18 months because they are 
not standing still at all. 

Dr. Nagel. I would like to make, if 1 might, just one more comment on this 
business of networking, going beyond just institutional support. I think one of 
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sciences will have been woven into the fabric of research such that it A'ill no 
longer be remarkable. 

Senator Gore. I have a number of questions which I may have to ask for the 
record because we are running out of time. But Mr. Gray, one of the goals of S. 
272 is to provide a catalyst for development of the extensions of the network by 
the private sector, as I was saying earlier. 

We want the technology developed under this bill put to use by commercial 
network providers so that every office and home will have access to the infor- 
mation resources available on the NRJEN. It is my view that this is a unique 
challenge, namely, adding to fiber already in place new switches and software 
and algorithms which will vastly upgrade the capacity of the fiber. 

And since other fiber not dedicated to this national network is also there, the 
discovery of the new switches, et cetera, will present the possibility of making 
them quickly available for private fiber, so that the network can be very, very 
quickly expanded. It will also serve as a sort of national demonstration project, 
showing what is possible with a national gigabit network, and proving that a 
commercial market exists for such services. 

One thing that might clearly hinder development of commercial, high-speed 
networks would be if the federal government ran the NREN in a way that 
competed directly with the private sector, and set up an unnecessary conflict. 

S. 272 states clearly that the NREN and I am quoting here from the bill, "will 
be phased into commercial operation as commercial networks can meet the 
networking needs of American researchers and educators." 

Is that consistent with your vision of where the NREN plan ought to be 
headed? 

Mr. Gray. Well, that is not, not totally clear to us. The objectives as articulated 
in the legislation are clear, what is a little unclear at the moment is how we, how 
that path will evolve and how that plan will play itself out. 

And the point I raise is that we would like to feel certain we have a role to 
play in our participation to ensure that the initial plan on the road map that is 
ultimately put in place and followed will assure some evolution or some, at least 
not exclude public netw^k opportunities to support and provide those services. 

Senator GORE. Well, I raise this question now, so as to reassert for the record 
of this hearing, as I have in other hearings, the clear intent of the sponsors of the 
bill and the advocates of the whole project, to make that work. 

And even, we, like you, do not yet know how to dot every I or cross very T. 
I want yuu to know that that is clearly our intention and that is the way it is going 
to happen. 

NSF seems now to be able to let the private sector provide networking services 
when that makes sense. They have contracted with your company, with com- 
panies like MCI and ANS and regional networks to run NSFNET. Do you think 
that NSF is presently taking the right approach? 

Mr. Gray. From what we see and what our experience has been, yes. 

Senator Gore. Okay. Well, at least we have a model to work with. It may 
need refinement; it may need modification. But we have the intent, we have the 
model, we have tlie working relationship with the companies involved. So that 
is a good place to start. 

Suppose we did not pass S. 272. Suppose the money was not appropriated. 
Suppose there was no Federal leadership in gigabit networking. How long would 
it take for Uie private sector to start providing gigabit networking services on its 
own? 

Mr. Gray. Well, I could only speculate on that. I would certainly think it is 
in the 5-year time frame cm* beyond. And I think the more serious issue is whether 
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or not the process would opumize the capabiUty. I think what you are suggesting 
there would probably create a scenario where there would be test bids developed 
or individual applications develop one by one, and directed and designed and 
panicipatedinby a variety of participants. ^ ^, . .^i, 

And while you were setting down, you would probably have a piecework ot 
aoplicauons and standards, and you would have a number of potenual network 
servicesouttherelhatcouldpossibly never inter-operate with one another. 1 think 

that is the bigger danger over time. .u 

Senator Gore. Can you estimate what the U.S. would lose if we do not build 
a gigabit network? Or if we do not have one, that can be used m a coherent 

^^I^S"gray It would be kind of hard to estimate something like that. I would 
not even want to take a stab at that after the kind of figures that Dr. Bromley 

threw around. , ... .u . . 

Senator Gore. Yeah. We could just say. maybe we could just agree that it 
would be a lot. I really wish that we had more time to explore each ot these 
questions with follow-ups. . ^ c n 

I want to express my gratitude to Chamnan Holbngs of the full comi :itiee 
and Senator Danforth for their support and encouragement on this whole matter. 
And I appreciate all our witnesses here today. And 1 think 1 speak for most of my 
colleagues on the committee in saying that— most, if not all, because it passed 
unanimously last time— in saying that we are going to move expediuously and 
get this done. We appreciate your help today. Thank you. 

[Whereupon, at 5:05 p.m., the hearing was adjourned.] 
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STATEMENT OF JACK L BROCK, JR., DIRECT OR. GOVERNMENT INFORMATION AND 

FmANOALMANAGEMENTISSUES.INPORMATIONMANAGEMENTANDTECHNOL^ 
OG Y DIVISION.G AO c^ni^ui. 

Meif n. Chaimun ind Mcmbcri of ihc Commiuee and Subcommittee: I am pleased to subipit 
this tuicmcnt for the record, ai pan of the Committec'i hcmring on thcpropoacd High Perfomianc^: 
Comiwting Act of 1991. The inforniation contained in this sutement reflccu the woii that GAO has 
conducted to date on its review q( how industries are using supercomputen to imprxyve pn>ductivity 
reduce costs, and develop new produas* At your lecjuesi, this work has focused on four specific 
mdustrtcs-oil, aerospace, automobile, and pharmaceutical/chemical*-^ was limited to dciermining 
how these industries t :e superoompuien and to citing imported benef iu. 

We developed this mau^rial through an extensive review of jKiblished documents and through 
interviews with knowledgeable reprcscnutivcs within the selected industries. In some cases aai 
access to proprietary information was ^stiided. Since this sutcmem for the record rcporU on work 
stiU m progress, it may not fuUy characicnze industry use of supercomputen « or the full bcncfiu likely 
to accme from such use. 

BACXGROIJND 

A supercomputer, by its most basic definition, is the most powerful computer Available ai a given 
time. While LSe term superccmputer docs not refer to a particular design or type of computer the 
basic design philosophy wnphasizcf vector or parallel processing/ aimed at achieving high levels of 
ctlculauon very rapidly. Current supercomputen. ranging in cost from % 1 miUion to $30 million, arc 
capable of perfonning hundreds of millions or even billions of calculations each second. CoiTipuU* 
tions requiring many houn or days on more conventional computcn may be accomplished in a few 
minutes or seconds on a supercomputer. 

The uniq?ic compuuiianal power of supercomputers makes it possible fo find solutions to cniical 
sacntific and engineering problems that cannot be dealt with satisfactorily by theoretical, analytical, 
or experimental means. Scientists and engineers in many ficlds-induding temspacc, petroleum' 
exploration, automobile design and testing, chemistry . materials science, and elcctionics-— emphasize 
the value of supercomputen in solving complex problems. Much of this work ccntcn around scicnuf ic 
visualizauon, a technique allowing rcscarchen to plot masses of raw dau in three dimensions to creaur 
visual images of objccu or systems under sttidy. This enables icscarchcn to model abstract dau 
allowing them to **scc„ and thus comprehend more readily what the dau reveal. 

While still relatively limited in use, the number of supercomputen has risen dramatically over 
the last decade. Ir. the early 1980$, most of the 20 to 30 supercomputen in existence were operated 
by government agenjici for such purposes as weapons research and weather modeling. Today about 
280 supercomputers are in use woridwide. Government (including defense ^related industry) remains 
the largest user, although private industry has been the fastest growing user segment for the past few 
yean and is projeaed to remain so. 

The iiK* .strics we are examining enjoy a repuution for using supercomputen to solve complex 
problems for which solutions nught otherwise be unattainable. Additionally, they represent the largest 
group of supercomputer usen. Over one-half of the 280 supercomputen in (^ration are being used 
for oil exploration; aen>space modeling, testing, and development; automotive icsiing and design 
and chermcal and pharmaceutical applications. 

THb OIL INDUSTRY 

The oU industry uses supercomputen to better determine ihc location of oil rcservoin anc^ to 
maximize the recovery of oil from those reservoin. Such applications have become increasingly 
important because of the low probability of discovering large oil fields in the continental United 
Sutes. New oU fields arc often smaU, hani to find, and locautd in hanh environments making 
exploration and production difficult The oil industry uses two key supercomputer applications, 
scisrnic daU processing and reservoir simulation, to aid in oii exploration and production. Thcss 
applications have saved money and increased oil production. 



VI/ u ^^^^Pf^^i^ pmvidw the capibility of openting on rniyi , or vccuki. of infonr.«tjon limuliancoujly 
Witii paialim procesnng, multiple parts of • proanm arecnecuied coiKunenUy. Mtoivcly ptiaUd supcK;on\puicn 
are cuxmitly defined as those having over 1*000 pmceason. r r 

^ This figure includes only high-end iupercamputcn such •« iho«e mwiuftctured by Ciay Rcaw^h, Inc 
Including Intemtuonal Business Machine* (IBM) mainfrtnw wi^Ji vector facilitiea would about double this number. 
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by antlyzing luge votumes of seismic dm and producing two- and three dimensional images of 
subfurfaoe geology* llirougli the study of these images, geologiiu can better undentand the 
chancteristics of uie area, and detennine the probability oi oil bcmg present More accurately locating 
oil reservoirs is important beouise the average cost of drillmg a «^ 

and can reach u high as SSO million* Under the best (tf circumstances, most test wells do not result 
in enough oil to mike drilling cost-effective. Thus, avoiding drilling one dry well can save millions 
of doUan. The industry representatives who agreed to share cost estimates with us said that 
supercomputer use in seismic dau processing reooces the number of dry wells drilled by ^bout 10 
percent, at a savings of himdieds of millions of dollars over the last S yeare. 

Reservoir simulation is used to increase the arooum of ofl that can be extracted from a reservoir, 
Petrdeum reservoin are acomulations of oil, water, and gas within the poies of rocks, located up to 
leveral miles beneath the earth^s surf see. Reservoir modelmg predicu the flow of fluids in a reservoir 
so geologists can better determine how oil should be extracted. Atlantic Richfield and Company 
(AKCO) rqffescntatives estimate that reservoir simulatiQn used for the <»1 field at Piudhoe Bay, 
Alaska~the largest in production in the United States — has resulted in increased oil production worth 
billions at doUan. 



Engineers and researchen also use superoompiters to detign, develop, and test aerospace vehicles 
and foated equspmenL In particular, oumputational fluid dynamics, which is dependent upon 
supeicomputing, enables engmcOT to simulate the ikm of air arid fb^ shapes 
and then OKKlify detigru acoordin|ly* TYm timnlilioos performed using this apphcaiion are valuable 
in eUmtnatii . soo^ <^ the traditional wind tunnel tesu used in evahuting the aerodynamics of 
airplanes. Wmd tunnels are expensive to build and maintain, require costly construction of physical 
models, and cannot reliably detea certain airflow phenomena. Supercomputer-based design has (bus 
resulted in sig^iificatA time and cost savings, as well as better designs, for the aerospace industry. 

Lockh^ Aerosoace used computational fluid dynamics on a supercomputer to develop a 
computer model of the Advanced Tactical Hghter for the U.S. Air Force. By using this approach, 
Lockheed was able to disf^y a ftiU-vehide computer model of the fighter after approximately 5 houn 
of supercomputer processing time* This approach allowed Lockheed to reduce the amount of 
wind-turmel testing by 80 hows, resulting in savings of about half a million d<dlars. 

The Boeing Aircraft Company used a Cniy lS-2000 s uper co mp uter to redesign the 17-year old 
737-200 aircraft in the early 1980s. Aiming to create a more fuel-efficient plane, Boeing decided to 
make the body design longer and replace the engines with larger but more efifidmt models. To 
determine the appropriaie placement cf these new engiries, Boeing used the supercomputer to simulate 
a wind-tunnel test llie results of this simulation — which were much more detailed than would have 
been ivailable from an acmal wind-turmel test— allowed the engineen to solve the engine placemem 
problem and create a mc. ' ftiel ^efficient aircraft 



Automobile manufacturers have b:en using supercomputers increasingly since 1985 as a design 
tool to make can safer, lifter, more economioil, snd better built Further, the use of supercomputen 
has allowed the automobile industry to achieve ihese design improvements at significant savings. 

One superoomputer application receiving increasing interest is automobile crash-simulation. To 
meet federally mandated crash- worthiness requirements, the automobile industry crsshes large 
numbers of pre-proiotype vehicles head on at 30 miles per hour into rigid banien. Vehicles for such 
tests can cost from $225,000 to $750,000 each* Crash simulation using superoompuien provides more 
precise engineering information, however, than is typically availaUe from actually crashing vehicles. 
In addition, using supercomputer! to perform this type of strucmrd analysis reduces the number of 
acmil crash tests reauired by 20 to 30 percent, savmg the oompunes millions cf dollars each year. 
Simulations sudi as uus were not practical prior to the development of vector si^ercomputing because 
of the volume and complexity of^ daU involved* 

Automobile companies credit superocmputers with improving automobile design in other ways 
as well. For example, Chrysler Corporation engineers use linear analysis and weight optimization 
software on a Cray X-Mr supercomputer to improve the design of iu vehicles. The resulting 
designs — which, according to a Chrysler representative, would not have been practical without a 
supercomputer--'will allow Chrysler to achieve an aimual reduction of about $3 million in the cost 
of raw materials for manufacmring iu automobiles. In addition, one automobile*s body was made 1 0 
percent more rigid (which will improve ride and handling) and 1 1 percent lighter (which will improve 
fiicl dfidency). According to the Chrysler representative, this is typical of improvemenu that are 
being achieved through the use of its supercomputer. 



' Sctf mic dau m gathered by uaing sound- recording dcvicei to noeisure the ipeed at which vibrttions tnvel 
through the eanh. 
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THE CHEMICAL AND PHARMACTLTTTCAL INDUSTRIES 

<:.™.,«»nnuieii dUv a arowing role in the Aemictl and ph«iin»eeuticd induimei. ilthough their 
Supereomputen puy iVo^^^M^^Z^,^^,^ moleculMdenan to lyniheac mateiuU reie«rch. 
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miSh. tolonductf.trco.t of .bout $50,000. Both the co.t «,d tune n«,uiTcd would 
subslantiiUy limit the imount of testing done. 

BARRIERS TO (HtEATOR USB OP SlOTRCOMIVraRS 

mcasurcmcitt, ind cxpenmCTima«i. f H«maric bmuik with iwul limining, cxpcncncc. 

""*:^dSo. our woA u. d.« .uggm. U». UK, 

ui vviiwu* • „ '^..-t-:.- While our lUlement his referred lo bcnctits rciaieo lo cosi 

'^'l^'^^d ui.?.^v^»T^^r^ ^ increasingly be used to gau, 

ruSSTve^iSutJve^in^^^^^^^ potentid-stiU Urgdy unt«pped-.o 

6^cCn!^'^d^^hroAicJmor^ Quickly. TO. p«cntid is ju.t bcK^fT * 
tTysTiSid Se barrieiJ that prevent slpcroonypaxcn from bemg more tuUy exploited. 



STATEMENT OF THE COMPUTING RESEARCH ASSOCIATION 
The Computing Research Association (CRA) is pleased to subnut Un. written statement for the 

are memben. 
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Fim, the CRA would like to thank Senator Gore and this Subcommittee for the strong interest 
and iuppoit he has demcnstnOed over the yean for both campiiting research md researdi computing. 
Through authorizatxms, pamcniarty to NSF, and through a series of bills of whicn S. 272 is the latest, 
he has continued to focui attendon on what we oooiider to be a critical ''enabling technology."" CRA 
strongly suppoiu S. 272, particularly lU recogmtioii that basic research and human lesource devdc|>- 
ment must accompany the move foaised tecfandogy and infrastnicture development 

TYS CRmCAL IMWTAIKB OPHUH PBRPOiM^^ 

Our support for this legislation and iclated initiatives is predicated on a set of observations which 
we beUeve to be widely shared within the research community, govenunent and industry. 

L Advanced computing and co mmnm catiotis techncdogies are no longer just interesting new tools 
for some hmited dasu of users, but are coaveiging together to fonn a nsccstary digital informaticm 
infimstjucture that will be basic to our society-throughout areas such as science and engineering, 
manufacturing and comroeroe, govenunent, and education. 

High performance computer systems imdeipin much of science and engineering: from medical 
imaging, to aerospace dengn, to the development of less environmentally touc chemicals and 
industrul processes. High p^oimance computer systems lie at ihe heart of large lesearch instruments 
such as accelerators and tdeaoopes, contnMlin|^ their operation, analyzing meir perfomiance, and 
directing the flow of expeninental dau that the tnstnmienu produce, ^-sode dau base technology 
is needed to stoie and or]|anize the masiive amounti of sdenttfic infomiaiion that conies from modem 
research instnimenti. Sunulations allow us torn in the computer experiments that otherwise would 
be too expensive, duigerous, time coosummg* or even impossible. Indeed, compuution is joining 
experimentation arid mathanacical matysis aa a basic new paradigm for how science is done. 

Many next gene atinn '^.^lipatetycommnnicaiiGn systems that provide necessary government 
iervicei*air control, i nancial managemei»t and tax administration, law enforcement, and the delivery 
of social benefits sud as health care and social security* wiU be enormously complex and wiUreq^^ 
new generations of aivanced tecfandogy to design, implement, and operate with efficiency, safety, 
and reliability. 

Information technology baa become central to industrial growth. As an R&D tool, it underpins 
innovation in the -called '*nigh tech** industrial secton. It provides manufacturing forms with powerful 
new tools for design and production; and it has become basic to the operations of many information - 
rich service sectors such as banding and transportation. 

2. U.S. industry is facing incrtasingly stiff international competition for information technology 
products and services. 

There are many reasons offered for diis threat to traditional U.S. leadership in computen and 
communication. Surely, it must in part stem from the strong ecooomic growth and technical 
sophistication of our oompetitoa. It may also stem, in pan from some past softening of support for 
research computing and computer sctence and engineermg, a softening tnat was dramaticaUy pointed 
out in the ""lax** report publiihed in 1983, that lesuhed in the esUblixhment dt the Advanced Scientific 
Computing Program at NSF in the mid-1980*s. And, we would also suggest that, to maintain our 
competitive edge, we must depart a bit from *'buiicess as usual** in Federal support for Ri&D in certain 
critical technologies. 

3. Maintaining U.S. leadersfam in coroputing will require a maior, coordinated Federal program, 
such as that represented by S* 272, that balnces technological development and infrastructure 
building with the reouiaite basic research and htiman resource development 

Advances in high performance computing in the U.S. has always benefitted from a three-way 
association between industrial developen, research and engineenng usen, and basic computer 
researchers. Ixading-edge usen are always pushing the sute of the art, demanding bener systems and 
fuiding ways to get more out of the systems they have in hand. Industry aaempu to create more 
capable systems in response to these demands. 

Basic researchera in computer science and engineering explore the f rontien of compuution. trying 
to beuer understand the fundamental ccmpuutional nature of comf^ex processes* 

4. Basic Research is an important prcreqmsitc to achieving the goals of any high performance 
computing strategy. 

Although they appear in different forms in different plans, three basic objectives underlie all high 
performance ininauves-<l) advancing the perfonnance sute of the art in leading-edge computer 
systems, l[2) developing new and mote cftectivB applicatioiu of high performance computing to 
science and engineeiin|, and (3) building a nerafoifc based information infrastructure for the research 
and education community. Each of these goala poaes ftmdamental research questions. 

Most (mnputer reseairchen think that to realize substantially increased computing power in the 
fiiQire will require developing scalable, highly- parallel systems. To achieve this, we will need 
research m sudi areas as componenu, packaging, and scaling cooccpu; computer-aided design and 
prolotypiiig tools; p e rformance ineasurtment and benchmarking, and the development and testing of 
prototype systems. 

Many large-scale computer usen are naturally ooncemed that a shift to radically different machine 
architectures will cause them problems, since their current programs are highly tuned to existing 
machines. Some, for that reason, argue for continued enhancement of peitormance along more 
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sirssss; s »r s^'A ^---^ » brin,i.« ««« u.™ 

lmp«™V" fciearch ibould be expUciUy idenuficd at «n ire* for igency 

A^v.r.«.. in Jaoriihmi for fpecffic num 

•S^nS^^ b«idS gi««b»l nctwofk wiU .1.0 include . wide v.nety of computer. 
dJ^^^X^i^r^iy^im the n«work. itself. wiU «qmre b.«ic leseirch m dau 
?i;.nISJ;ionr Id iSiU^ lyrtOM. Moie re««ch wiU be needed on the ■pphcitions software 
SS^rSSk^ iheJSSf research coU.bor.tioo th.t wiU i^e pl«« over u. 

R^Tntw »d fSS^i^S^ que«ion. «id opportunitie. in such .rw. 

». -h «Sm^..^^™uter uS^^ md solving "Gruid ChtUenge" ftse«rch quesuons. 

TE^t?.C^SJ?JSn^X Miy^li the high-perfonn«ce end o? conjputer d«,^ 
he^ii^Serl Q^cSyTSStce the m«n-fr«ne «.d, even, the lower end m.dunes. We cim expect 

*'*"AjSSiRh the g™du.ic eductionid system is producing computer sacnlisu and enguiccrs. ^ S^ 
«Ml clSSdSm Univeriilies gr.du.ted 907 new PhD's Usi yeJir .ccordmg to our survey),there is a 
and f • ^ exnlore the uses of high- pcrfonnanoe campuUng m solving 

Vn°Zi^}n3 ^l^^f^»^fdS9l,^P>i^r sdentin f«Kn Purdue University and 
aSS^^of^r&aS?2^^ 

'^"S^,^Kt?e SSSSg"^^ and .dentist, wor^mg ^ 

rcnmICiri«3 sdeiSSofsinwring (CES)] projecu is at the college sophomore, or lower, level 

and eriguieering proWems. ^^^^ ^^^^5 

CRA would like to comment 00 two other issues that have been raised during debate over this 

First some have quesUoned whether the NaUonal Sdence Foundation (NSF) is thcjJPFopri^'^. 
u./.?i;Jwbr ihrmm^^ of the NREN «id, in p«iicuUr. h.ve suggested the Department of 
lead agency for ^^P^^^^^^-, „ , candidate. The CRA has suted frcquenUy its concern 

'"&K'w^JSSj£3^i4SSS, will p«».ten.o,ccon,p.« ■«^«dmia^ 
liistruemaiuicruvc^ It will need to serve a much more d verse user consutuency; and the 
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we see thtt kgisUtion could pievent fiituit agency ictraction, rcdifccdon, and iiuppropritie shifting 
among what we regard u critically important ba l a n c c t of basic research, hianan resource develo{>- 
ment, and the other more applied paits of the plan* 

Funhermore, the HPCC and this legitlaiioa represent an impoitant new step in the evolution of 
U.S. sdcnce and technology policy, paiticularly with regard to computing, CRA believes that 
legislatico would express legislative as well as executive branch commitment to the program. This 
expression wovild send an impoiunt message, both to the political leadership in the Fedeial govern- 
ment and to industrial and academic organizations and suie govemmenu who will also be asked to 
participate in and support this effort. 

In conclusion, CkA would like to point out that remaikable advancei in computer science and 
engineering are in large part responsible for the faa that we can even dream wbovx addressing the 
^'GnuKl Qialtenge'* problems of computational science. The research involvement of computer 
scientisu and enginecn, as well as the devdopmcnt of a new generation of computational scientists, 
will be required to achieve the short-term goals ct this legislation. Equally important, an increased 
investment in basic research and human resources in computing is essential to mamtaining our nauon * s 
competitive edge and providing the foundation for the next round of advances. 

In short, a high-performance computing imiiative, such as established by S. 272, is a critical 
investment in the nation's fumre. The window of opportunity for this investment, in temis of the 
nation's ability to maintain its leadenhip, is closing rapidly. The Computing Research Association 
strongly supporu this legislation. The itaff and officers of CRA would be pleased to auist the 
committee in any way appropriate a^ it proceeds with the development and passage of this bill* 



It is a pleasure for me to respond to your inviution to submit materials for the Record. I represent 
EDUCOM, an association of over six himdred American coUeges and universities working on the 
goals ot creating a national information technology infrastnicmre and using infonnation technology 
to improve intellectual productivity and inching 7 id learning. I also represent the Partnership for the 
National Research and Education Network, a group of associations, organisations and coiporations 
which are supporting the creation of a National Research and Etfaication Network (NRhN). The 
Partnenhip recently forwarded to the Conunittee an NREN Policy Framework sutement and I am 
enclosing a copy of that document with my testimony. 

The bill before you, S. 272, reflects more than five years o( study by your committee suff , by a 
number of fedeiil agencies, and by external advisoiy groups such as the National Academy of 
Sciences. All of these studies have validated the uigcnt need for an advanced comnuter networic tx> 
support scientific research, education, and commerce, and in addition have identified the need for a 
coordinated high perf onnance computing research program that reaches beyond the NREN to include 
software and hardware development and related educational and human resources elemenu. 

The creation of the NREN u an ambitious undertaking. It reouires high technology, some of which 
is not yet developed; a nationwide operauonal infrastructure of advanced communications facilities; 
and a wodcing parmenhip of many oiganizations and individuals from govemmoit, education and 
industry. The ultimate aim of the NRHN is to pave the way for the electronic national infomiation 
infrastructure which will foran the communications base for our economy in the 21st Century. 
EDUCOM has been active in addressing the manv issties involved in creation of the NREN for several 
yean, commencing *i¥ith testimony before the House Science, Space and Technology committee in 
1 987. Since 19H8, we have sporucved an annual National NET Conference here in Washington, to be 
held on March 21*22 this year, which brings together experu from public and private sector 
organizations who are working on the network. Many important technical and operauonal aspects of 
the NREN have already been demonstrated and proven in the network we have today kiiown as 
NSFNET. In fact, the NSFNET cunenily connecu more than five hundred research and education 
sites, embracing more than a million individuals, and continues to grow. The success of NSFNET has 
encouraged Dr. Bromley and the Federal Network Council to identify it as the "'Interim NREN"' in 
their recent High Performance Computing and Communications Program announcement 

In my sumiiury sutement, I would like to focus on a short number of critical issues which I beUevc 
should be dealt wuh in the pending legisla t ion. 

Suble Funding. Tht AmninistratiQn has proposed funding for the NREN for FY92 in the amount 
of S92 million, distributed among a number of agency budgeu. litis level of funding is consistem 
with previous agency planning, and with the cost experience gained with NSFNET. Additional funds 
woidd be helpful, btit it is essential that at least this level of funding be assured in order to guarantee 
that the critical federal ix>le of catalyzing univertity and private seaor contributions to the NREN is 
realized. 

Effective Public/Private Sector Partnership* The rapid progress that has been made in the last 
several yean toward a national network is in large measure the result of cooperative efforts between 
and among a lar^e number of groups, includiiig federal agencies, univenities, regional and state 
networks, and pnvate sector compu^r and communications companies. It is estimated that invest- 
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meiits by higher eduction and indusiiy in NSFNET over the Ust four yean hive exceeded fedeial 
SSSK by newly ten time.. Hui biU m Jce. no exnUdt provision for • conunuaaon of these 
SiSS«lworolM not doei ii require the Executive Bmnch to give umvenUiei. bbrwiei and mdus jy 
vSJ;. ^^iSS^vSpment and m-tagement of the NREN Our recommendatioiiu i^>.^^ 
^oS^Sthe Slbe ammdedto eiubliih a National Network Council, with pamapanon frcm the 
aSsdwenciS involved with the NREN. and that the policy leawunendationi of the Couricd 
Sw bSdS^ reapect to managanent of the NREN. within the hnut. of U. authonzmg .u^d 

"^l^EN uli'& U^rie.. In the long mn. the value of the NREN wiU be me«u«d in the 
conuSution. Sieareh ind educauon made potiible by network acce.. to mfonrnation reiourccs. 
S?r^«W, UbSiei have a cnticl role to play in the NREN. bodi ai providen of deciromc 
w^™^^ JraTac«r^^ their u.er» EDUCOM, along with the AlwdaUon of Roemrch 

uS^^ZTcivlTr^yf^^^- Coalition for Neiw^ed Inform^ion (CNI). The Coa^ 
d^rS hi. more than oii hundred «id twenty Ubraiy univei«ty. govemmon -"d mcoisuy 
m^ten has a si>ccial focus on the provision of electronic infoimatton resources on the NRE> . TTus 
oiSSo: il S«ing the fuuW of issues - from securing infomi«ion resources on the 
nrtwork to protection of copyright - through the work of lu committees uid usk forces. 

(S^^S^cMccnn!porx»ni role of the NREN is to leverage the creauvity and energy of 
the rcS Sucatioo and hbiliry communities to define and demoistraie new network based 
JjomSSJ'seMces. many of wlJch may have commercial potentul.and can be picked up and 
^u^rSbv SwS firms as part of ci*ating the national infomiation technology mfrastmcture. In 
SS^JjfaSiSS^Sis jISeN poUcy should liable the milUon. of inf o^maaon mtensive users on the 
SSNREf^ihe gi|ato NREN to access a variety of infom-.ation services and networks, 
including those opentcdwuhin the private sector. ti«.mppk 
bidSvSwiiSu^ NREN. ii will be important not to create excessive expecutions. The NREN 
K«^-4^«^Sl7el^«I access that provM feasibility and leads to the creauon of a commercial 
W^su^cm^ Oii IS?^^^ Th^» *hich h« beo. developed byDr^romley 

S^d ItiTstaff is s« exceU^one. U provides thai over the next three to five ye«s the NR^ wiU be 
SfendUw r^S STto two thousand research, education and Ubr.ry sites, and that the performance 
Sihcn^woAforSfeS^W^^ 

?p^, Twe fo?m (Se Sds . and work our wav through a multitude of techmcal «id oi«™ti«i«a 
Js^s in tiTe ih*e sucUss of the NRE^T will fu&y support lU extension to broader uses in 

the yean to foUow. comments sifflMTrreD FOR -mB record 

The commenu which foUow are keyed to the questions posed in the charter for the High 
Performance Computing bill. ^ ^ 

Does the administntive framework esttblished by the biU for planning, implementing and 
monSr«ie vKs paru of the high performance comi«ting piT>gr«n consutute the most effecuve 

aJ discussed in the hearing charter, the legisUtive initiatives in HPC and a reUied effort planned 
by t^e SS«tion riiare m«y common goals «id features, having developed in P«"J«> * 
1986 COTwessionaUy mandated study on advanced computer networks. U is highly desirable that the 
nSor^e^as between the two approaches be eliminated during the current legisUtivc process in 
SX tiS^^uS^^ involvS m development of Uie NR^ - 

StiversiSs. HbTMies aSd private sector compames - may have a cormnon undcntandmg of prognmi 

*'^TheSof S2 SSS'has exp^ded substantiaUy since the origin^ OSTP report in 1987. In 
i^rSarX? u a mudTgreater ailreness now of the potential uses of the network m teaching and 
K^^l^i dSllveh and of the value of librariea as both providen of information as well as sources 
&1ol?^?wSf f^?!^ nic memben of^Partnenhip for the NJEN^eUeve Jh.t 
Se ^rcss should adopt a bfowl set of principles to guide the development of the NREN. rather 
£LiVKij«3^<3ptiveh.tofk^^^ 

of^iv^rSrSmv^dWustry usen of NSFNET over the last sey«^ yean, a proposed NREN 

P^^TranwwU tiegcnerilly with Section 2, Hndmgs nd Purpow of S.2/2. there are 

m!^^^Si^^^\»ck of any mention oC the prtnenhip roles of hbranes or coUeges 
Sd SitieTiL <«t the purpose, of the NREN. ^for does thUcdon com«n any menuon 

STaTI J^JSTe iSS^ teadiiig !nd learning beyond narrowly defined research «id saentific 

t°^*- BStJBS RELATED TO NREN. 

f n What should the management structure of the NREN be in order to adequately represent the 
interests^ fldeSSi«Jdes . r?giond networks. n«work usen and the commumcation. and computer 
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The goieril sirtiegy ihil hai guided the development of NSFNET, now rentmed the Inierim 
NREN, hai been to expand user access to the network while simultaneously upgrading iu performance 
using currently available commercial technology and preparing for gigabit speeds later in the 1 990'$. 
Thu strategy has been succei sful oaly because of a unique approach to net woric management in >vhich 
major cortunercial entities - MCI and IBM; a major sute network - MERIT; and dozens of regional, 
state and campus netwocks have coooented to achieve both goals simultaneously. 

Tht key to the success of the NREN will be the development of a distributed management structure 
which deals with problems and iJsucs as close to the network user as possible. Some of that structure 
IS in place today, but much remains to be done. The principal challenges include: (a) ensimng federal 
support for a fifty stale backbone which provides high quaUty access to regional and sute networks; 
(b) strengthening and broadening the service offerings and access points of the sute and regional 
networks; (c) upgrading and eipiuiding the IocaI networks at campus sites, government Uboratories, 
libraries, and private research locations; and (d) faciliuting the connection of the computers which 
will orovidc daubase and superccmpuling applications for network usen. 

^.272»reflectingits legislative ongins over three yean ago, has a narrow federal focus. This should 
be expanded to include all of the partnership interests which will be necessary for the fully developed 
NREN. Specifically, a National Network Council, with the power to set network policy and operaung 
guidelines , should be iiKiluded in the markup of S. 272. The membership of the Council should reflect 
the broad interests of network developen, providen, managen and usen. The Congress may wish to 
consider, either now or at a later dale, whether the impottancc of the NREN to national goals in 
research and education justifies the creation of a special entity to ovenee the netwoik, as described 
in the NREN Policy Fnmewoik. (2) What arc the barricn (technical, financial, markeu, pobtical) 
with respea to the traruition to commercial network services? Are special management stratc gics 
required for NREN to achieve commerdalizatiQn? 

Section 6 (c) (6) of S. 272 provides that "[The NREN shall] be phased into commercial operation 
as commercial networks can meet the needs of American researchers and educators." This provision 
of the bill has been mifinteipreted as imi^ying that the Interim NREN and the initial gigabit NREN 
do not have a commercial component. All of the transmission facilities for the Interim NREN and the 
regional and sute networks which are a pan of the Interim NREN are commercially provided. Nearly 
all of tlic packet switches and network software in use in the Interim NREN today are commercial 
producu. Well over half, and perhaps as much u three quarten of the federal sute and local funds 
expended on the Interim NREN and related research and education networks art paid to private sector 
firms through starKlard proctirement processes. The existence of ihis section of S,272 is traceable to 
the predominantly federal character of research networks which were developed in the 1970*s, The 
intent of the legislative language is to ensure that technology developed for the NKEN can be shared 
with and incorporated into the advanced communications networks for the 21st Century which are 
currently under development by private sector firms. This is no longer a serious concern. The Interun 
NI^N is based on readily available commercial technology, and a majority of the NRFN research 
projects being conducted by DARPA and NSF are using commercial fiber optic transnrussion 
facilities. Over the past decade, and especially «ince telephone industry deregulation, there has been 
a sea change in atiitiides toward advanced communications technology among leading commercial 
firms. To<ky, large investmenu are being made in broadband transmission facilities, with many 
gigabit fiber optic links already in operation. On a worldwide basis, computer and communicauons 
firms are developmg and adapting their products to create large scale networks capable of instan- 
taneous transmission of voice, dau and images. The planning and engineering of the NREN can 
assume that such high perfornianc' cooimercial facilities will be an integml pan of the network 
suucture. 

Ihc working partnenhip among government, industry and education which has been established 
in the building of NSFNET is added evidence that advariced network technology developed for the 
NREN will find iu way into commercial producU and sendees rapidly and effectively. 

(3) Given the ruture of RAD and the long lead time required to achieve commercially applicable 
communications and computer standards, how might the producU of NREN related R&D become 
future protocol standards? What management strategies are required to make it happen? 

The extremely rapid progress experienced in biulding NSFNET over the last several yean is a 
result in significant measure of the cooperative approach to standards development which prevails in 
the Iniemet community of which NSFNET is a part. Under the guidance of the Internet Activities 
Board, a large number of technical experu from industry, higher education, and government 
laboratories have worked together to extetvl the packet switched network protocols known as TCP/IP. 
No Internet standard is kdoptcd until an imploncnution of it has been demonstrated under actual 
network operating conditions, New standards have been developed and put into use in as short a time 
as six months, arid many are ocmpleted within a year. The techniques used within the Inumet are 
now being adopted in other standards bodies, and the Intemet standards are being brought into 
alignment with complementary international efforU such as the ISO packet standards. 

It is essential that the standards approach now used for the Internet be adapted and adopted for 
the NREN. The pertinent language in Section 9 of S. 272 does not accompUsh this and should be 
amended to make explicit nrovision for the authority of the Intemet Activities Board, or a compar?ble 
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,ucce«or ors«niz.uon. lo ict lund-rds for ihe NREN provided that they conunue lo be developed 
^Vcoopcmivc basis among the NREN pamapating orgamzauotvs as they arr today. 

STATEMENT OF TltE ASSOOATION OF RESEARCH LIBRARIES 

The Assodation of Rcieareh Libraries U a non-profit Assodauon of 1 19 research Ubranes in 
NoiJ^ A^ieSSe maJi^p of ARL is actively involved uj the provision of mfc>nr«uon 
Suing tho« thai iie unique, to the research and educauon communiues of Nonh 
R««rdi ibrariei al«5 are key paniapanU in numerxMis experunen.s and P^^ot progranis 
2S deJJonsSSe^ utility of high capaaty networks for the exchange and use of uiformaUon. ARL 
ru?imSe?Ir.*^of l^^^^ Pr^noie the development and use of expanded nciworiong 

caMfiiies and capabiUliei to advance education and research. „ t «f 

n<S forVS-speed computer communications network is a reflection of a number of 
chan^«iS?«SiyinTe& 

S^ed reseaid.cn with fadUties such as supercomputers, daubai« and bbrary • ^= 

mWrin which scholan and researchers communicate; and fmaUy the abihty of these 
^s3»enS^.S)S«r«Sd combine Urge dau sas or files in new way, «ily possible through 
SS^^ng ^eS^h^-spced, high<apaaty networics. @PARA8 = Jht NREN the vision of the 
^^^^^Mne^oAAm^ to support the work of the educauon and research communiacs 
m«l tS SS^SdSTS^c JVdl as those efforts already underway that address the new , 
uroYL^nnaS^^Sile U the .«ne lime, address the national goal, of '^.P^^^I.I^^I^Nau.^^ 
nISuctiwS «d S^mttknal competitive position. To realize these goals and u> buJ J upon exisung 
Sf^is aSl^ o«h.;n in the eduStion commumty support the mclusion of the foUowmg pomts m 
jJ^'legSruX T?e« poinu buUd upon existing successful federal, sute. and local programs lhat 
fadliute acceu to inloinutioo resources. 

NREN authoriainglegislalioD should provide for. , ^ , t .u vtjl v 

rS^^oi dfcLaSon in its broadest sense as a reason for development of the NRLN; 
Eh^bSy of all types of Ubrancs to Unk to the NREN as resource providers and as access points 

A voice for invdved constituencies, mduding Ubrancs. in development of network policy and 

techiucal standard*. 

NREN legislation should authorize support for 

Hinh caoacily netwoik connections with all 50 sutcs; ^ a. « 

A^rSuTc of network development funds should be allocated for educauon and inunmg; 
Direct connectioni to the NREN for at least 200 key libraries and library 
!™nSfii «nd dial-up access for multi-type Ubrancs within each suic lo those key 
li4*riei Prime candidaicf for direct connections include: 

nT^bnric. (Library of Congr=ss. National Agncultural Library . Nauonal Ubrary 
of Medicine) and other federal agency Ubrancs and 

sf^rSJSJ SSS«y libanes (generaUy one per sute) which have a responsibihiv .o provide 
fi« DuS^ccssto^ pubUcations (induding m electronic formau) of L.S. govemrr.eni agencies: 

/l Site^SIy (or thdr designated resounx Ubrane. or library nrtwodcs) which have 

rcstinsibiUty for itS-wide Ubrmiy devdopmeni and which ainimster federal funds; 
TlSari« in geographic areas whidi have a icareity of NREN connecu«,i; 

UbHriM wiUi tpedahzed or umque resources of nauonal or mteraauorial significance. 

libiarv netwoiki and bibUogrmphic utiUues which aa on behalf of Uoranes. 

TTiTlXri^al Scicn« FoundaUon. ihrougl. its various prognuns. indudmg science educauon. 

*'*°TheS^<!i Ubfiric* both within and ouUide of higher educauon and dcrneniary/secondary 
educauon as part of the rcseardi and educauon support "nicture; 
Education and training in network use at aU leveU of educauon; 

ExDcrimenUtion and denaonsuations in network apphcauons , ^ 

fjrSoSSJ infnutructnre of the United Sutes i. a complex conglomeraucn of public and 

DrivaTc nttworki. instimuons. infonnatioo reaourcei . and u«rs from educauonaL research huniry. 

JS^SdSSiSSSwithextensive^^ 

aSdthe^itM thai they acquire, organize, maintain, and/or provide acctt, to. are cnucal 

tl^SL df thdi SSSkiS^ In support of thdr mission to advuice sdioUnhip and research, these 

tiTe uS.ri2ha^^?S fSrefSTof the tedmological revoluuon that ha, made this robust and 

^^°'^e*cjt^.i^^ 

of th7neiwSkJ??cSSiumcationi link.^e enh^Jiced com«ctivity perrmis sdioUr. and researchers 
^ SS^S^So^b^nnd different ways and sdmulaics innovation. Approximately one quarter of 
S^^f^SmCTU TorE-mdL one quirter for fUe cxdiange. 20% for intencuve Mpp)icxxxocit, and 
fofaS^^^.. hi. this^Utter «u:gary that is growing at «i exuaordmary n.ie and 
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includes new and innovauvc Ubriry uses of networks. This growth rate demonstrates the value ihal 
n?!?earchcrs place on access to library and infonnation resources in support of educaUon and research. 
The following examples demonstrate the types of activities underway in academic and research 
libraries that utilize networks. 

In the past year, the number of library online catalogs available on the Internet has jumped from 
thirty to over 160, including those in Canada, Australia, Germany, Mexico, New Zealand, Israel, and 
the United Kingdom* A single potiu of acccii to 100 online public access catalogs is possible today 
through a midwestem university. Access to rest^rocs identiiKed in online pubUc access catalogs are 
of increasing imporunce to researchen as they can access a greatly expanded array of informauon 
resources and in a more timely and efficient fashion. Needed information -can be located at another 
institution, and depending upon the nature and format of the information, downloaded directly, and/or 
requested via iiucrlibrmry loan. Over time, this practice wiU Ukely change to the researcher obtaining 
the information directly online versus "oirfering the information online." Typical use of an onhne 
caulog at a major research institution is that of LIAS at the Pcimsylvama Suic University Library - 
there are approximately 33,000 searches each day of the LIAS system. 

The National Agricultural Library, NAL, is supporting a iirojcct with the North Carolina Sutr 
University Ubrmrics to- provide Internet-based Ax^cnl dchvery for library materials. Scann *'^ 
images of doaiments generate machine readable lexu which arc transmitted via the NSFNET/Intcmi 
to libraries, researchers work sutions, and agricultural research cxtoision c^iccs. Images of docu- 
ments can be delivered directly to the researchen computer, placed on diskette, or printed. This 
prx>gram will be extended to the entire landgrant community of over 100 institutions as well as to 
other federal agencies and to the international agricultural research community. 

Another example of new library services that are possible with the use of the informauon 
technologies and networks, that meet a growing demand m the research community, and represent a 
network growth area are thie licensing of commercial journal databases by libraries. Four of the last 
five yean of the National Library of Medicine's MElSUNE database is accessible to the University 
of Cahf omia community and there arc approximatdy 50,000 searches of the system each week. There 
are numerous benefits to researchen and libraries including enhanced access to journal literature, 
there are lower costs to the hbrary than from use of conuncrdal systems, and the lower cosu 
encourages greater usr of the files by researchen thus promoting innovation. As other research 
bbrancs mount files, similar use par.ems have occurred. 

Although Inicmet access to proprieury files is not permitted, there arc other services available 
such as IJNCOVER that are more widely accessible. UNCOVER is a daubase with the ubles of 
contents for approximately 1 0,000 multi -disciplinary journals developed by the Colorado Alliance of 
Research Libraries. The increasing demand for UNCOVER demonstrates the riced for such services 
in the academic commimity and one that is available at a low cost for those institutions unable to 
looUly mount proprietary files. 

One area of networked services forecast to present new o(^rtunities for dissemination and 
exchange of information in the scholarly and research communities and where a significant amount 
of experimentation and "rethinking" is anticipated, is in electronic publishing. Publishing electroni- 
cally is in lU infancy. Today, there are ten rcfereed journals on the Internet and it is anticipated that 
there vail be many times this number in a short while. These journals, available via the Internet, range 
from Postmodern Culture, (North Carolina Sute Univerrity) to N- Horizons in Adult EducaUon, 
'Syracuse University) to reVCOLOQUY, (American Psychological Association and Princeton 
University), 

The nature and format of the electronic journal is evtJving. To some, th'^ electronic journal is a 
substitute to the printed" journal There arc an increasing number of **p8pcr-replicating electronic 
journals" and the growing number <rf titles on CD -ROM and the rapid rate of acceptance of this format, 
IS a testament to the value of the electronic format, h is anticipated that many of the paper publishers 
wiM offer an elcaronic venion of their journals via intermediaries such as DIALOG and CARL as 
the use of and capabilities of networks expand. This model also presents new dissemination choices 
to government agencies. The National Agriculiurml Library has begun to negotiate agreements with 
scholarly societies for the optical scanning d agriculture titles and information. 

Another view trf tlie electronic journal is one more of process, than product Information or an 
idea IS disseminated onthc rtetwor'x for open critique, comment, dialog, and exchange. In this instance, 
publishing is an ongoing, interactive, non-sutic function, and one that encourages creativity, connec- 
tivity, and interactivity. Researchen experimenting in this camp are referred to as "skywniers" or 
""trailblazers,** In fact, publishing in this amia takes on a new meaning due to the network's 
capabilities. The use of multi<media including sound* text, and graphics, the significantly expanded 
collaborative natun: of the scholarly exchange not possible with a prmted scholariy pubhcaUon, and 
fmally, the potential for a continuously changing informaiion source, distinguishes this electronic 
journal from its cotinterpaii* the paper-replicating electronic journal An online publishing program 
on the Genome Project at the Welch Library at Johns Hopkins Univenity is an example of this type 
of electronic publishing. Text jm mounted on a daubase, accessed by geneticists, students, and critics 
who respond directly via electronic mail to the author. In this case, a computerized textbook is the 
end result but one which constantly changes to rrflect new advances in the field. Funding from the 
National Library of Medicine has supported this project 
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A finil area where efectnmic publishing acsiviiiet m underlay is in the academic publishing 
community. Two examples aoivities include efforts in the high energy physici and mathematics 
communities* A preprint ^trti^*^ in tdgh energyphysics hat been maintained for fifteen years by a 
univenity leseardb »cabty with approximately 206prepri]iits added each week to the database of over 
200,000 amde cttaiiofis. Instaol Math Preprinu (IMP)* a new initiative that will maintain a searchable 
daiabuff of dbitrmcia* will permit electronic file tmsf er of the full text of piepriius. The projea will 
be accessible via ten mivenities and "'enmath,** the American Mathematical Society's electronic 
service The valiK to the research community of timdy and effective exchange of research results 
will be aiormous. 

There aie two predominant reasons that pilot projeas and experimenu fudi u these have been 
pof siUe, have fkuiiihed, and been successful First, a high value has been placed and a significant 
mvestment hu been made in carefully constructed cooperative programs in the library community to 
advance reseaicfa through ibe sharing of resources* The creation and support of bibiiognphic utilities 
such as the Research Libraries Information Network (RUN) and the Oiline Computer Library Center 
(OCLX!) has rcsuhed in access by scholan to enormous daubases of bibliographic records and 
informalioii, Cocpeiative programs have been supported and encouraged by federal programs such 
at the Libraiy Services and Construction Act of 1961 and the Higher Education Act of 1965. The 
Higher Education Act and in paitiailar Title It-C and Title II-D programs have emphasized the sharing 
of resources between all types of libraries and usen, and provided needed funds for support of 
technological innovalions md developmerus. These programs havr^ also promoted equality of access 
to information, ensuring that those collections housed in major research institutions, be broadly 
accessible. 

Hie seoottl reason that libraries have succeeded in advancing the exchange of information 
resources is the isdffective use of technologies to promote access. Most, if not all of these cooperative 
programs, are depeadeoi upon networks in part, as the mearis to identify and share information 
resources* What will be nnjuired as more resources become availaUc through the Internet will be the 
development cf rsetwork direaarks. These directories will assist users in learning of what resources 
are available and how to access them. Provision of these electronic resources and the development 
of the ensuing access toob stxii as directories are already presenting many challenges to library and 
iiiformation science proftssionab and wiU require continuing atiaition if the NREN is to succeed. 

As a consequcsioe, tbc needed infrastrucmre to oonnect a divenity of usen to a wide array of 
information resources is in place today. Networks imeroonnecting information resources and users 
thrxHighout all paru of the United Sutes and intematiooaUy, have been operational and effective for 
a number of years. A key factor that will permit the NREN to be a success is that much of the 
infrastructure is already in place. There are networks that iriterconnect academic institutions — public 
and private, industrial users, and state consortiums, that include library networks and that do not 
dutinguish between rural and urban, academic and K-12. The NREN vision must continue to 
encourage and demand enhanced interconnectivity beti^ een all users and all types of institutions. 

As Congress cormden how to best design the NREN to meet the needs of the research and 
academic communities, it will be important more than ever to include the goals and objectives of 
ongoing programs. In a time when there are 1,000 books published internationally As Congress 
considers how to best design the NREN to med the needs of the research and academic communities, 
it wiU be important iDore than ever to include the goab arid objectives of ongoin 
when there are 1 .000 books published imemationally each day, 9,600 different journals are published 
annually in the United States, the total cf all prmted knowledge is doubling every eight years, 
electrxxiic information is just beginning to be exploited, and financial and hmding resources are 
shrinkiiig, it is critical that the research and education commtinities with continued federal support, 
stnve for increased comroivicy between all types of librarie.'i and users. l>iis connectivity will result 
in imprt>ved productivity and a suengthening of U.S. position in the international marketplace. 

S. 272 should provide the necessary framework to achieve this enhanced ccmnectivity. S. 272 
should build upon existing programs and identify new means to permit information resources to be 
brxvdly available lo the education and research communities. Ensuring connectivity through multiple 
types of libraries* througboot the United Sutes, is a critical component to several existing statutes 
and should be included in NREN legislationu By so doing, the legislation would leverage existing 
federal, stale, and local programs. 

As libraries and users al^Le employ information technologies to acoe^ss information resources, new 
opportuniues and applications will develop that exploi* the wealth of information and knowledge 
available in research libraries. Network applications today primarily focus on the provision of access 
to lesources such as books, journals* and online files. Elearonic publishing ventures are ju&i 
beginning. In the years ahead, scholan and researchers will be able to access and use those research 
materials and ooUectioiis geno^y unaccessible but of exueme research value including photographs , 
satellite data, archival dau, videos and movies, sourvl recordings, slides of paintings and other 
artifacts, and more. Access to and manipulation of these information resources advances scholarship 
and research, and scholan will expea a netwoik with the capacity and capabilities to achieve effective 
access. Clearly, to be successful effective, and of use to the academic and research communities, the 
NREN must be designed to nunure and accommodate both the current as well as future yet unknown 
uses of these valuable infomiation resources. 
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STATEMENT OF DR. JOHN PATRICK CREONE. PRESIDENT. GEORGIA INS ITI U'l E 

OFTECIINOLOGY 

Mr. Chairman, ii is an honor lo be asked to testify to this joint hearing on S R. 272. 'I>ic High 
Performance Computing Aa of 1991 . 

I am John R Cccdne, President of the Georaia Institute of Technology. Georgia Tech is a major 
technological imivemty, with an enrollment of approximaiely 12,000 students, located m Atianu, 
Georgia. Georgia Tech is one at the nation's leading research uruversities, having conducted over 
ins million in sponsored research during the past year, almost all in the areas of science, cngmccnng 
and technology. 

I would hke to thank this committee, and especially Senator Gore, for their continued strong 
support of computing -related research. I think the cominitice*s focus on computing in the ooniexi of 
national competitiveness is an appropriate one, and one thai leads to the antiapauon of cntical 
technologies. Georgu Tech strongly supports S.R. 272, and eagerly awaits possible panicipauon in 
translating iu objectives into reality. 

Georgia Tech, as a major technological univcnity, has placed a high pponiy on computing and 
related facilities. This may be best demonstrated by the creation in 1989 of the Cc^ege of Computing, 
the nation's first college devoted entirely to computing. Both within the College of Computing, and 
throughout the rest of the Institute, there is a deep and comprehensive invcdvcment with lcadmg»edgc 
compuubonal science and engineering. For this reason, the activibes proposed under the High 
Performance Computing Initiative arc eagerly awaited. 

The special importance of creating a high-performance computing network like NREN is its 
impact not only on computing research LMelf, but its creation ot a basic **digital mfrvstructure" for 
the nauon. Conununicatioru, both simple ~ Uke a phone dial tone - and complicated - like HDS - will 
be dependent on digital networks. Communications makrs ii possible for the first time to conduct 
research and advance scientific frontiers from afar, combining the parts of experimental setups from 
around the country instead of expensively reprxxiucing them in many locations. Equally imporunt to 
utilizing this network capability is the com(4ementing parts of the high performance computing 
initiative. Thus, the technology of a digital network like NREN lies at the heart of most future research 
efforts in science and engineering. 

Specifically, the impact of this legislation or techndogicaUy^hented educational Insiuutions 
like Georgia Tech wiU be multidimensional, would like to focus my remarks today on three areas: 
engineerinrj education, computer sdcnoe, and technological applications. 

Engineering, and engineering education, is Georgia Tech's "core business,** and stands to benefit 
greatly from this initiative in high performance computing. As the role erf computing has grown, up-to 
date computing facilities are no longer a luxury, but a necessary, integral part in engineering educati on 
and research. For example, at the graduate level, we must have the compuutional facdities that will 
enable us to train our students in computer-based science and engineering techniques, skills industry 
expecu our studenu to have. The connectivity in the network already allows our studenu to use remote 
facilities such as telescopes aiKl high -energy research facilities without the cost and c^pactiy 
constriinu inherent in those sites. However, an initiative such as this expands exponentially the 
opportunities available to them. What NREN does is shift the focus from physically having a 
high-powered and expensive compuutional device such as a supercomputer to access to one of these 
devir;es. In the end, this makes for a much more productive and cost-cf fecuvc environment for creatin g 
and disseiTunating knowledge. 

The new capabilities given us by the high performance computing initiative have impressive 
spinoff effects as well. As more students, professon and researchers gam access lo advance 
computing, I predict we will sec an impressive array of off shoot, but related, architectures and system s 
that will take full advantage of the capabilities of this network. Once again, this is an issue of national 
compeutiveness, an area where this initiative gives our universities and research laboratones the tools 
with which to compete. 

Just as engineering has been traditionally important to Georgia Tech, we are taking a leadership 
position m computing with the creauon of our College of Computing- This College of Computing, 
while not representing the entire spectrum of computing at Geoi^ia Tech, was created as a top- level 
organizaiion to emphasize computing, and speed the integrauon of computer science and other 
disciplines. In many respects, this organizauon parallels the objectives of this high performance 
computing initiative and NREN. Simply put, high performance computing is a top pnoniy, one in 
which we have invested in and focused on, aiKl is a natural area for a uruvenity like Georgia 1 ech to 
concentrate in. 

I see a very positive dual flow between the high performance initiative and our computer science 
operations. First, many of the areas we are focusing on, specifically management of large scientific 
databases and distributed operating systems for highly parallel machines, are topics imponant to the 
success of the HPC initiative, and we hope to be able to contribute our expertise in these areas toward 
making the initiative a success. We are also forming a Visualization, Graphics and Usability (VGU) 
lab under prxmunent national leadership to develop better techniques for visualizing scientific data, 
an cntical component of this proposed network. But we also envision that the project will benefit 
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computing at Georgia Tech by addtng to our own knowledge and expertise, and should aid not only 
Georgia Tech but many other univertities nationwide. 

The HPCI will have a major positive affect on many areas of basic computer science research, 
even in ways that aie nol directly related to high perfomiance computing. For example, the 
viiualization advance! I juat talked about have applicability to low performance computing, and work 
in user irtcrf aoet for all types of computers could oe aided by work done through the high pcrf onnance 
project. 

The third ar*a where I feel the High Performance Computing Aa of 1991 will have a critical 
impaa is in thedcvdoptnenlcf new technological applications, Georgia Tech is not an **ivory tower*' 
' we solve some very ^ppUed problems, aiid focus on traiisfening ihe technology developed in our 
Ubormtories to the maikctpUce. 

I believe wc are on the threshold of £ revolution in telecommanications, a merging of the 
traditional tckoommtmications industry with the computer and broadcast mdusthes, with the common 
dcnominMor of a digital network tieing them all togetha. This act developmenu such a network (anU 
the functions that suppcn and depend on the network), propelling universities into an integrated 
communications cnvironmenl that is a natural lest bed for futurr. communications systems. Other 
cotmuies have been furthering this concept, but development in the United States has been hampered 
by the regtilaiory environment and hurdles imposed by previous paradigms. In this visioii, we should 
view NREN not so much as a way to Unk sdiolan or transfer dau, but as an expenmenial tool in 
itself. Tlie network is then a test of iu own capabilities, that is, a test of the capabilities of a digital 
network^ iu speed, votisne, and capacity for accommodating different signals. Its success impacts 
not only the educationdl community, but demonstrates this new model for telecommunications and 
firmly establishes a United Sutcs lead in these technologies. 

b the end, the issue becomes one of educational competitiveness. Without the resources, 
oppommitaes and challenges network -based computing opens up for our cngineeri, wr would quickly 
beiion-competitivetiolonlynatioruUy.bmi^ initiative lays important groundwork 

for the U^. to regain the initiative in high-performance computing and to increase our edge in network 
technologies. 

In closing, I would like to especially express my support for ihc admimstrauon's mulii year 
approach to this projecL If we are u> undertake a project of this magnitude, a five-year commitmeni 
on the part of the govermneni nukes it much easier and more efficient to both pUn for and attract 
talent to this project Georgia Tech is espedally supportive of the nAcs of NSF, NASA and DARPA 
in administering this project Givtn their prior leadership and track record in running prDjecis of this 
sco^, it makes cmineist good sense for this triad to lead an iniuative as significant as this one. 

This is a remarkable opportunity, and I, as President of Georgia Tech, stand ready, as do many of 
my colleagues in umveniiies around the ooimtry, to assist m any way possible lo make this vision i! 
reality. 
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S 272 . The High Performance Computing Act of 1991 



The National Research and Education Network, which S. 272 would create, could 
revolutionize the conduct of research, education, and information transfer. As part of the 
infrastructure Supporting education and research, libraries are already stakeholders in the 
evolution to a networked society. For this reason, the American Library Association, a 
nonprofit educational organization of more than 51.000 librarians, educators, information 
scientists, and library trustees and friends of libraries, endorsed in January 1990 and again 
m January 1991 the concept of a National Research and Education Network. 

ALA'S latest resolution, a copy of which is attached, identified elements which should be 
incorporated m legislation to create the NREN. a high-capacity electronic highway of 
interconnected networks linking business, industry, government, and the education and library 
communities. ALA also joined with 19 other education, library, and computing organizations 
and associations in a Partnership for the National Research and Education Network On 
January 25. 1991, the Partnership organizations recommended a policy framework for the 
NREN which also identified elements to be incorporated in NREN legislation 

Within that framework, AuA recommends the following additions to the pending NREN 
iegislauon to facilitate the provision of the information resources users will expect on the 
network, to provide appropriate and widely dispersed points of user access, and to leverage 
the federal investment, 

NREN authorizing legislation should provide for: 

A. Reccgnition of education m iis broadest sense as a reason for development of the 



B, Eligibility of all types of libraries to lir>k to the NREN as resource providers ano as 
access poirUs tor users: and 

C. A voice for involved cor^istituencies, includmq Iihranes, m devC'fopmeru of not work 
policy and technical standards, 



NREN; 
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NREN legisiatioo should authorize Support for: 

A. Htoh-capAcitY network connections with ail 50 states: 

A percentage of network development funds allocated for education and training; and 

C, Direct connections to the NRtN for at least 200 key libranas and tibrary organizations 
and dial-up access for multitype libraries within each state to those key libranes. 
Prirne candidates (some of which are already connected to the Internet) for direct 
conr>ection to tt>e NREN include: 

« The three r^ational libraries (Library of Congress, National Agricultural Library, 
National Library of Medicine) ar>d other federal agency libraries and information 
cemers: 

• RftY^one regional depository libraries (generally one per state) which have a 
reaponsibilitY to provide free public access to all publications (including m electronic 
fonnats) of U.S. government ager>cies: 

• Fifty-one state library agencies (or their designated resource libraries or library 
networks) which have responsibility for statewide library development and which 
administer federal funds; 

• Libraries in geographic areas which have a scarcity of NREN cor^nections; 

• Libranes with specialized or unique resources ot natior^al or tnterr^attona) 
significance: and 

• Library networks and bibliographic utilities which act on behalf of libraries 

Tha NalkMvrf SderKe FourKiation. through its various programs, including science 
education, should provide for: 

A. The inclusion of libraries both withm and outside ot higher education and 
elementary aixJ secondary education as part of the research and education 
support structure; 

B. Education jnd training in network use at all levels of education, and 

C. Experimentation and demonstrations in network )plications. 

ALA enthusiastically supports development of an NREN with strong library involvement 
for several reasons. 

1 . The HB£H haa the potetttiat to ravdutior^ze the conduct of research, education, and 
informaiioii tnnafer. As bas;: literacy becomes more of a problem in the United States, the 
skills needed to be truly literate grow more sophisticated. ALA calls this higher set of skills 
'information literacy* — knowir>g how to learn, knowing how to find and use information, 
knowing how lciM>wledge is organized. Libranes play a rcie m developing th^se skilts, beginning 
wtth encouragifXI preschool children to read. 
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Libraries as community institutions and as CMirt of educational institutions introduce 
users to technology. Many preschoolers ar>d ;heir grar>dpdrents have used a personal 
computer for the first time at a public librarv ubrarias are usir>g technology, not oay to 
organize their in-house collections, but to sSiare knowledge of those collections with users of 
other libraries, arxJ to provide user? with access to other library resources, distant databiises 
and actual documents. Libraries have begun a historic shift from providing access primarjly 
to the books on the shelves to providing access to the needed information wherever it may 
be located. The NREN is the vehicle librarians need to accelerate this trend. 

In Michigan, a pilot program called M-Link has made librarians at a group of 
community libraries full, mainstream information providers. Since 1988- M-Link has enabled 
libraries in Alpena, Bay County. HarK:ock. Battle Creek, Farmington, Grand Rapids, and Lapeer 
to have access to the extensive resources of the University of Michigan Library via the state s 
MERIT network. The varied requests of dentists, bankers, city mamigers, small business 
people, community arts organizations, and a range of other users are transmitted to the 
University's librarians via telephone, fax, or computer arxl modem. Information can be faxed 
quickly to the local libraries from the University. Access to a fully developed NREN would 
increase by several magnitudes both the amount and types of information available and the 
efficiency of such library interconnections. Eventually, the NREN could stimulate the type of 
network that would be available to all these people directly. 

School libraries also need electronic access to distant resources for students and 
teachers. In information-age schools linked to a fully developed NREN, teachers would work 
consistently with librarians, medic resource people, Br>d instructional designers to provide 
interactive student learning projects. Use of multiple sources of information helps students 
develop the critical thinking skills needed by employers and rteeded to furvrtion in a democratic 
society. This vision of an information-age school builds on today's groundwork. For instance, 
the New York State Library is providing dial-up access for school systems to link the resources 
of the state library (a major research resource) and more than 50 public, reference, and 
research library systems across the state. The schools had a demonstrated need for improved 
access for research and other difficult-to-locate materials for students, faculty, ?ad 
administrators. 

2. Current Interr^t users want library 4tke servicet, and libraries have resportded with 
everytNng from online catalogs to electronic loumals. As universities and colleges became 
connected to the Internet, the campus library's online catalog was one of the fiist information 
resources faculty and students demanded to have availaNe over the same network . Some 200 
library online catalog:^, are already accessible ihrough the Internet. Academic library users 
increasingly need full text databases and multimedia and personalized information resources 
in an environment in which the meter is not ticking by the minute logged, the citation 
downloaded, or the statistic retrieved. A telecommunications vehicle such as the (MREN can 
help equalize the availability of research resources for schclars in all types, sizes, and locations 
of higher education institutions. 

Libraries will be looked to for many of the information resources expected to be made 
available over the network, ar>d librarians have much to contribute to the daunting task of 
organizing the irKreasing volumes of electronic information. The Colorado Alliar>ce of Research 
Libraries, a consortium of multitype libraries, not only lists what books are available in member 
libraries, but its CARLAJncover database includes tables of contents from thousands of 
journals in these libraries. Libraries are also pioneering in the development of electronic 
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journals. Of the ten scholarlv refereed electronic jOufna»s now rn operation or in the planrung 
stages, several are sponsored by university Itbtanes or library organizations. 

3, Libraries provide access points for users without an institutional base. Many industrial 
and independent researchers do not have an institutional connection to the Internet, All such 
researchers and scholars are legitimate users ot at least one public hbrary. The NREN 
legislation as introduced does not reflect current use of the networks, much less the full 
potential for support of research and education. Because access to Internet resources is 
necessary to this goal, many libraries outside acade ne without access to academic networks 
have developed creative, if sometimes awkward, ways to till the gap, A number of high 
schools have guest accounts at universities, but only a few have managed to get direct 
connections. CARL, the Colorado Alliance ot Research Libraries, reaches library users 
regardless of the type of library they are using or their point of access. The development of 
community computer systems such as the Cleveland Free-net is another example of providing 
network access to a larger community of library users. Several Cleveland area public, 
academic, and special libranes are information providers or. the Free-net as weiL 

Most of the companies in California high technology centers either began as or still 
have fewer than 50 employees. For these companies, there is no major research facility or 
corporate library. The local public libraries provide strong support as research resources for 
such companies. The California State Library has encouraged and supported such develop^ 
ment, for example, through grants to projects like the Silicon Valley Information Center in the 
San Jose Public Library- Library access to the NREN would improve libraries' abiluy xo serve 
the needs of small business. 

Support of research and education needs m rural areas could also be aided through 
library access to the NREN. Even without such access, libraries are moving to provide 
information electronically throughout their states, often through state networks An example 
.s the North Carolina Information Network. NCIN, through an agreement between the State 
Library and the University of North Carolina's Educational Computing Service, provides infor- 
mation access to almost 400 libraries m every part of the state - from university and corporate 
libraries in the Research Triangle Park, to rural mountain and coastal public libraries, to military 
base libraries. Using federal Library Services and Construction Act funds, the State Library 
provides the local equipment needed at the packet nodes to permit access to the system 
(called LINCNET) to these local libraries. 

The information needs of rural people and communities 3re just as sophisticated and 
important as the needs of the people m urban areas. Because the North Carolina network is 
available m rural 'ibraries, small businesses in these communities have access for the first time 
to a state database off all contracts for goods, services, and construction being put out for bid 
by the state -just one example of network contribution to economic development. The key 
to the network's growing success is the installation of basic computer and telecom- 
municatior^s hardware m the libraries, access to higher speed data telecommunications, and 
the database searching skills off the librarians. 

4 With libraries and their networks, the support structure to make gooc< use off the NREN 
already exists. Librarians have been involved in using computers and telecommunications to 
solve information problems since the 1960s when the library community automated 
vanable^length and complex records- a task which was not being done by the computer field 
at the time. Librarians pioneered m the development of standards so that thousands of 
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libraries could all use the same bibliographic databases, unlike e mail systems today which 
each require a different mode of address. The library profession has a strong public service 
orientation and a cooperative spirit; its codes of behavior fit well with that of the academic 
research community. 

Libraries have organized networks to share resources, pool purchasing power, and 
make the most efficient use cf telecommunications capacity and technical exp*»rtise. 
Upgrading of technological equipment and technological retraining are recognized library 
requirements, although the resources to follow through are often inadequate. The retraining 
extends to library users as well. Librarians are familiar with the phenomenon of the home 
computer or VCR purchaser who can word process or play a tape, but is aH thumbs when it 
comes to higher functions not used every day. Computer systems, networks, and databases 
can soem formidable to the novice and are often not user-fnendly. Expert help at the library 
IS essential for many users. 

5. NREN development thould build on existing federal investments in the sharing of 
library and information resources and the dissemination of government information. The 
internet/NREN networks are in some cases not technically compatible with current library 
networking arrangements. However, the government or university database or individual 
expert most appropriate to an inquiry may well be available only via the Internet/NREN. 
Access to specific information resources and the potential linkage to scarce human resources 
IS one reason why most librarians are likely to need at least some access to the NREN 

As the Internet/NREN is used by various federal agencies, it becomes a logical vehicle 
for the dissemination of federal government databases. The Government Pr.ntmg Office, 
through its Depository Library Program, has begun providing access to government 
information in electronic formats, irKluding online databases. A unified government 
information infrastructure accessible through depository libraries would enable all sectors of 
society to use effectively the extensive data that is collected and disseminated by the federal 
povernment. Disseminating time-sensitive documents electronically would allow all citizens, 
small businesses, and nonprofit groups to have real-time access to government information 
through en existing organized system of depository libraries- '''he 51 regional libranes 
(generally one m each state, many of which are university and other libraries already 
connected to the Internet) could provide the original nodes for such a system. Together with 
majOr libraries capab! i of providing such support, these libraries could provide access for 
smaller libraries and selective depositories within their states or regions through dial up 
facilities or local aiea networks. 

The library community has been assisted and encouraged in its networking efforts by 
the federal government beginnir\g in the 1960s, and more recently by state support also, m 
ways that track well with the NREN model. Tne federal government spends in the neighbor- 
hood of $200 million per year on programs which promote and support interiibrary cooperation 
and resource shanng and library applications of new technology. These programs range from 
the Library Services and Construction Act, the Higher Education Act title W. the Depository 
Library Program, the library postal rate, and the Medical Library Assistance Act to programs 
of the three national libranes-the Library of Congress, the National Agricultural Library, and 
the rjational Library of Medicine. 

If academic libraries continue their migration to the Internet/NREN as the network of 
choice both on campus and for communication with other academic institutions, it will not be 
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long before academic Ubrar.es and pubhc libraries fir^d themselv-s unable to talk to one 
another electronjcaliy- This result wHi be totally at odd*? wah the goais of every maiof 
leg(Slat;ve vehicle through which the federal government assists libraries. In addition, .t makes 
no sense, given the intimate connection of public libraries to the support structure for research 
and education. While public libraries have long been recogni7ed as engines of lifelong learning, 
the connection is much more direct in many cases, ranging from the magni.icent research 
resources of a New York Public Library to the strong support to: distance learning provided 
t.>V many public libraries in Western states. 

Interlibrary loan and reference referral patterns also show that every kind o1 library 
supports every other's mission. The academic, public, school, state, national, arid specialized 
libraries of the nation constitute a loose but highly interconnected system, A network which 
supports research and education, or even research alone, cannot accomplish the job without 
ncludmg this multitype system of libraries in planning, policy formulation, and .mplemeniation. 

6 The NBEN's higher speeds will enable the sharing of full text and nontextual library 
anu archival resources. Libraries will increasingly need the higher capacity of the NREN to 
exploit fully library special collections and archives. The high data rates available over the fully 
developed NREN will maKe possible the transmission of images of journal articles, patents 
sound and video dips, photos, artwork, manuscripts, large files from satellite data collection 
archives, engineering and architectural design, and medical image databases. Work has 
already begun at the national hbranes ^nd elsewhere; examples include The Library of 
Congress American Memory project and the National Agricultural Library text diq*Tt2.nq pr o,cct 

7 Libraries provide a useful laboratory for exploration of what services and what use- 
interfaces might stimulate a mass marketplace. One purpose of the NREN bills s.nce The 
heqinning has been to promote eventual privatization of the network. Libraries have already 
fjemonstrated tht^ feasibility and marketability of databases in the CD-ROM format. Libraries 
also convinced proprietors and distnbuiors to accommodate the mounting on local campus 
systems of heavily used databases. Libraries can serve as middle- to low-erd network use test 
beds in their role as intermedianes between the public and its information requirements 

8 Public, school, and college libraries are appropriate institutions to bridge the growing 
gap between the information poor and the information rich. Wh,le we pursue ir^form^tion 
'iteracy for all the population, we can make realistic progress through appropriate public 
service institutions such as libraries. However, while an increase in commercial services woul'l 
be welcome, any transition to privatization should not come at the expense of low-cost 
-ommumcations for education and libraries. Ongoing efforts such as federal library and 
education legislation, preferential postal rates for educational and library use. and federal and 
state supported library and education networks provide ample precedent for continued 
congressional attention to open and inexpensive access 



!n conclusion, .he NREN legislation would be strengthened m reaching the potential d Thr 
network, in ALA'S view, with the addition of the elements we have enumerated above. Our 
recommendations represent recognition of the substantial investment libraries have already 
made m the Internet and »n the provision of resources available over it, authorization of 
modest and affordable near term steps to bu.ld on that base for library involvement m th.f^ 
NREN. and establishment of a framework for compatible eMorts through oth^:>r fr.^dora^ 
egislation, and state and local bbrary efforts, 
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